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DEPARTMENT  OF  HOUSING  AND 
URBAN  DEVELOPMENT 
Office  of  the  Assistant  Secretary  for 
Policy  Development  and  Research 
[Docket  No.  R-81-1071] 

Draft  Performance  Criteria  for  Solar 
Heating  and  Cooling  Systems  in 
Residential  Buildings 
agency:  Department  of  Housing  and 
Urban  Development. 

ACTION:  Notice  of  Draft  Performance 
Criteria  for  Solar  Heating  and  Cooling 
Systems  in  Residential  Buildings. 

summary:  hud  is  inviting  public 
comment  on  the  draft  Performance 
Criteria  for  Solar  Heating  and  Cooling 
Systems  in  Residential  Buildings 
developed  to  provide  a  standard  basis 
for  assessing  the  design  and 
performance  of  buildings  using  solar 
energy  systems  for  heating  and  cooling. 
FOR  FURTHER  INFORMATION  CONTACT: 
William  E.  Freeborne,  Mechanical 
Engineer.  Division  of  Energy,  Building 
Technology  and  Standards,  Room  8158, 
Department  of  Housing  and  Urban 
Development,  Washington,  D.C.  20410. 
Telephone,  (202)  755-6900.  This  is  not  a 
toll-free  number. 

DATE:  Public  comments  on  the  draft 
Performance  Criteria  are  due  by  August 
24. 1981.  Comments  should  be  filed  by 
this  deadline  with  the  Rules  Docket 
Clerk  at  the  address  below. 

ADDRESS:  Rules  Docket  Clerk,  Office  of 
General  Counsel,  Room  5218, 

Department  of  Housing  and  Urban 
Development,  451  Seventh  Street  SW., 
Washington.  D.C.  20410,  (202)  755-7603. 
This  is  not  a  toll-free  number. 
SUPPLEMENTARY  INFORMATION:  The 
Solar  Heating  and  Cooling 
Demonstration  Act  of  1974  (Pub.  L.  93- 
409)  authorized  a  five-year  program  for 
research,  demonstration,  and  market 
development  of  solar  heating  and 
cooling  systems  in  residential  and 
commercial  buildings.  As  part  of  this 
program,  the  Act  directed  the  Secretary 
of  HUD,  utilizing  the  services  of  the 
Director  of  the  National  Bureau  of 
Standards  (NBS),  to  determine, 
prescribe,  and  publish  Interim 
Performance  Criteria  for  solar  heating 
and  cooling  systems  and  buildings 
within  120  days  of  enactment,  and  to  use 
these  criteria  in  the  selection  of  solar 
systems  and  demonstration  projects. 

The  Interim  Criteria  were  published  on 
january  1. 1975. 

The  Act  further  directed  HUD, 
utilizing  the  services  of  NBS  and 
information  developed  in  the 
demonstration  program,  to  develop  and 
publish  “definitive  performance  criteria" 
as  soon  as  feasible.  HUD  was  also 
directed  to  publish  procedures  whereby 
manufacturers  of  solar  systems  could 


have  their  products  tested  in  order  to 
obtain  certification  that  such  products 
conformed  to  the  performance  criteria, 

'  In  the  period  from  1975  through  1979, 
HUD  awarded  783  grants  to  support 
demonstrations  of  solar  heating,  cooling 
and  domestic  hot  water  systems  in 
12,423  dwelling  units.  A  number  of  these 
projects  were  equipped  with 
sophisticated  instrumentation  systems 
to  measure  the  solar  system 
performance.  In  addition,  operating, 
maintenance,  and  repair  information 
was  collected  from  many  more  projects. 
This  information  has  been  used  by  HUD 
and  NBS  to  evaluate  the  effectiveness  of 
the  original  Interim  Performance  Criteria 
and  to  develop  new,  more  precise 
criteria  for  solar  system  performance, 
thereby  meeting  the  requirements  of 
Section  8  of  the  Act.  Extensive  use  also 
has  been  made  of  technical  information 
developed  from  concurrent  Department 
of  Energy  solar  research,  development, 
and  demonstration  activities. 

These  Performance  Criteria  are  not 
intended  to  be  used  as  mandatory 
standards  governing  the  procurement  or 
acceptability  of  solar  systems  proposed 
for  HUD  or  other  Federal  solar 
activities.  Instead,  this  document  will 
serve  as  a  technical  reference  and 
resource  for  the  solar  industry,  the 
building  industry,  and  Federal,  State, 
and  local  agencies  concerned  with 
assessing  the  design  and  performance  of 
solar  systems  in  buildings.  For  example, 
HUD  relies  on  HUD  4930.2,  the 
Intermediate  Minimum  Property 
Standards  (IMPS)  Supplement  for  Solar 
Heating  and  Domestic  Hot  Water 
Systems  to  control  the  quality  of  solar 
systems  proposed  for  use  in  HUD- 
assisted  housing  programs.  These  IMPS 
are  based  on  the  performance 
requirements  of  the  original  Interim 
Performance  Criteria:  future  revisions 
will  reflect  the  new  Performance 
Criteria  Requirements. 

The  Performance  Criteria  are 
presented  in  a  four-part  format: 
Requirement.  Criterion,  Evaluation,  and 
Commentary.  The  Requirement  is  a 
qualitative  statement  expressing  the 
expectations  of  a  user  concerning  a 
given  system  or  component.  The 
Criterion  generally  is  a  quantitative 
statement  of  the  level  of  performance 
required  from  the  system  or  component 
necessary  to  meet  the  Requirement.  The 
Evaluation  statement  identifies  the  best 
method,  record  of  experience,  or  other 
information  needed  to  evaluate  a  given 
system  or  component  against  the 
Criterion.  Finally,  the  Commentary 
provides  background  information  for  the 
user  and  presents  the  rationale  behind 
the  specific  Evaluation  methods 
selected. 


The  evaluation  procedures  utilize  to 
the  maximum  extent  possible  the 
existing  body  of  voluntary  consensus 
standards  for  materials,  testing 
procedures,  and  system  performance. 
Where  possible,  the  document  states  the 
particular  tests  to  be  carried  out  in 
evaluating  the  performance  of  a  given 
component  or  system.  In  the  many  areas 
where  no  consensus  testing  standards 
yet  exist,  the  document  presents 
alternative  ways  to  evaluate  systems 
and  components,  often  relying  on  the 
judgement  of  qualified  professionals. 

With  respect  to  certification  of  solar 
systems  and  components  as  meeting 
specified  standards  and  performance 
criteria,  the  solar  industry  and  several 
States  are  developing  certification 
programs  for  various  types  of  solar 
equipment  and  applications.  The  first 
such  program,  now  in  operation, 
provides  a  mechanism  for  certifying  the 
thermal  performance  of  solar  collectors. 

Any  equipment  manufacturer  seeking 
certification  that  a  given  solar  system, 
component  or  other  solar  product 
complies  with  the  Performance  Criteria 
may  have  the  necessary  test  data  and 
other  information  revised  and  evaluated 
by  a  qualified  engineer  or  architect, 
registered  as  a  professional  and  licensed 
to  practice  in  the  particular  jurisdiction. 
If  the  reviewing  engineer  or  architect 
finds  that  the  information  provided 
satisfies  the  requirements  stated  in  the 
Performance  Criteria,  he  or  she  may 
certify  under  seal  to  this  effect. 

A  Finding  of  Inapplicability  regarding 
the  National  Environmental  Policy  Act 
of  1969  has  been  made  in  accordance 
with  HUD  procedures.  A  copy  of  this 
Finding  of  Inapplicability  will  be 
available  for  public  inspection  during 
regular  business  hours  at  the  Office  of 
the  Rules  Docket  Clerk,  Office  of  the 
General  Counsel.  Room  5218, 
Department  of  Housing  and  Urban 
Development,  451  Seventh  Street  SW., 
Washington,  D.C.  20410. 

A  copy  of  the  Performance  Criteria  is 
appended  hereto.  Based  on  the  public 
comment  received.  HUD  will  revise  the 
draft  Performance  Criteria  as  required 
and  intends  to  publish  the  final 
Performance  Criteria  not  later  than 
December  15, 1981. 

(Sec.  8.  Solar  Heating  and  Cooling 
Demonstration  Act  of  1974,  Pub.  L.  93-409  (42 
U.S.C.  5506)1 

Issued  at  Washington,  D.C.,  June  8. 1981. 

E.  S.  Savas, 

Assistant  Secretary  for  Policy  Development 
and  Research. 
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Notice 

This  document  has  been  prepared  by 
the  National  Bureau  of  Standards  for 
use  by  the  U.S.  Department  of  Housing 
and  Urban  Development  (HUD)  for 
public  notice,  distribution  and  comment. 
This  document  is  considered  a  “draft" 
document  until  public  review  has  been 
completed  and  HUD  has  approved  the 
final  version. 
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Foreword 

These  “Performance  Criteria  for  Solar 
Heating  and  Cooling  of  Residential 
Buildings"  have  been  prepared  in 


accordance  with  the  requirements  for 
definitive  performance  criteria 
established  in  Public  Law  93-409,  the 
“Solar  Heating  and  Cooling 
Demonstration  Act  of  1974”  to  provide  a 
standard  basis  for  assessing  the 
performance  of  buildings  using  solar 
energy  systems  for  heating  and  cooling. 

It  may  be  used  in  Federal  programs  ‘  or 
as  the  basis  for  preparation  and  revision 
of  the  HUD  Solar  Minimum  Property 
Standards. 

The  document  is  intended  to  establish 
minimum  levels  of  performance  with 
regard  to  health  and  safety  and  the 
various  aspects  of  technical 
performance.  The  criteria  for  health  and 
safety  put  primary  emphasis  on 
compliance  with  existing  codes  and 
standards.  The  criteria  on  thermal  and 
mechanical  performance,  durability/ 
reliability  and  operation/ servicing 
present  performance  requirements 
considered  to  be  representative  of 
acceptable  levels.  By  the  use  of 
performance  language  in  the  document, 
it  is  believed  that  sufficient  latitude  has 
been  provided  to  allow  the  innovation 
and  flexibility  that  is  essential  for  the 
stimulation  of  a  viable  solar  industry  at 
this  time  and  in  the  future. 

In  developing  these  criteria,  several 
sources  have  been  utilized: 

•  Performance  criteria  developed  by 
the  National  Bureau  of  Standards  (NBS) 
for  the  Department  of  Housing  and 
Urban  Development  (HUD)  and  the 
Department  of  Energy  (DoE). 

— “Interim  Performance  Criteria  for 
Solar  Heating  and  Combined  Heating/ 
Cooling  Systems  and  Dwellings” — 
January  1975, 

— “Interim  Performance  Criteria  for 
Solar  Heating  and  Cooling  Systems  in 
Commercial  Buildings” — NBSIR  76-1187, 
November  1976. 

— “HUD  Intermediate  Minimum 
Property  Standards  Supplement,  1977 
Edition,  Solar  Heating  and  Domestic  Hot 
Water  Systems” — 4930.2. 

— “Interim  Performance  Criteria  for 
Solar  Heating  and  Cooling  Systems  in 
Residential  Buildings” — NBSIR  78-1562, 
November  1978. 

•  Experience  gained  in  the  Federal 
Solar  Demonstration  Program 
(Residential/Commercial)  through 
feedback  as  provided  for  in  P.L.  93-409. 

•  Findings  from  solar  research 
activities. 

— Government  laboratories — National 
Bureau  of  Standards,  Los  Alamos 
Scientific  Laboratory,  National 


'  “Residential  Conservation  Service  Program," 
Final  Rule.  Federal  Register,  DoE,  Vol.  44.  pp.  64601- 
64727,  No.  217,  November  7, 1979. 

“Solar  in  Federal  Building  Demonstration 
Program,"  Final  Rule.  Federal  Register,  DoE.  Vol.  44. 
pp.  60663-60673.  No.  204.  October  19. 1979. 


Aeronautics  and  Space  Adminstration, 
Argonne  National  Laboratory. 

— Sponsored  reseach — Dubin-Bloome 
Associates,  Planning  Research 
Corporation  Energy  Analysis  Company, 
Boeing  Aerospace  Company, 
International  Business  Machines, 
University  of  Wisconsin,  Colorado  State 
University,  Mueller  Associates, 
Automation  industries  (Vitro 
Laboratories  Division), 

•  Critique  and  commentary  from: 

— Model  code  groups — Council  of 
American  Building  Officials,  National 
Conference  of  States  on  Building  Codes 
and  Standards.  International  Conference 
of  Building  Officials,  Building  Officials 
and  Code  Administrators  International 
Inc.,  Southern  Building  Code  Congress 
International. 

— Technical  standards 
organizations — American  Society  for 
Testing  and  Materials,  American 
Society  of  Heating,  Refrigerating  and 
Air-Conditioning  Engineers,  American 
Society  of  Mechanical  Engineers,  Inc., 
American  National  Standards  Institute. 

— Industry  organizations — Solar 
Energy  Industries  Association,  Inc., 

Solar  Energy  Research  and  Education 
Foundation,  Air-Conditioning  and 
Refrigeration  Institute,  Sheet  Metal  and 
Air-Conditioning  Contractors  National 
Association,  Inc. 

— Professional  organizations — 
American  Institute  of  Architects. 

— Special  studies — Burt-Hill-Kosar- 
Rittelman  Associates,  Travis-Braun 
Associates,  Robertson  Ward,  Jr.,  FAIA, 
Florida  Solar  Energy  Center,  Polytechnic 
Institute  of  New  York. 

Since  it  is  anticipated  that  this 
document  will  be  revised  and  updated 
in  the  future,  comments  relating  to  its 
usability  and  suggested  modifications 
are  encouraged  and  should  be  sent  to 
the  following  address: 

Robert  D.  Dikkers,  Group  Leader,  Solar 
Technology,  National  Bureau  of 
Standards,  Building  225,  Room  B141, 
Washington,  D.C.  20234. 

Introduction 

Background 

Pub.  L.  93-409  provides  for 
“demonstration  within  a  three-year 
period  of  the  practical  use  of  solar 
heating  technology,  and  *  *  *.  the 
development  and  demonstration  within 
a  five-year  period  of  the  practical  use  of 
combined  heating  and  cooling 
technology.”  Under  the  provisions  of  the 
Act,  HUD  has  utilized  the  services  of 
NBS  to  develop  this  document. 
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Objectives 

These  criteria  have  the  following 
objectives: 

1.  Aid  consumer  acceptance  by  the 
provisions  of  validated  consensus 
performance  measures: 

2.  Assist  industry  growth  through 
accepted  uniform  methods  of  technical 
performance  assessment; 

3.  Assist  the  administration  of  Federal 
incentives  programs,  including  tax 
credits,  by  the  establishment  of 
standard  performance  measures; 

4.  Assist  regulatory  authorities  in 
developing  and  interpreting  health  and 
safety  code  provisions: 

5.  Aid  financial  and  insurance 
organizations  by  the  provision  of 
standard  performance  criteria  upon 
which  to  base  risk  assessment: 

6.  Assist  public  and  private  building 
programs  through  provision  of  a 
technical  performance  assessment  base 
from  which  project  construction 
specifications  may  be  developed:  and 

7.  Guide  industry,  professional  and 
educational  organizations  in  the 
development  of  appropriate  good 
practice  manuals. 

Scope 

The  performance  criteria  cover  both 
passive  and  active  solar  heating,  cooling 
and  domestic  hot  water  installations  or 
combinations  thereof  ’  in  individual 
buildings  or  central  systems  for  groups 
of  buildings  both  new  and  existing. 

The  criteria  do  not  cover  swimming 
pool  heaters  but  they  do  cover  pools 
within  buildings  used  to  moderate 
environmental  conditions  or  to  store 
heat  for  reuse.  They  do  not  cover 
photovoltaic,  wind,  biomass  or  process 
heating  or  cooling  applications.  The 
criteria  are  related  primarily  to  technical 
performance  and  do  not  directly  address 
economic  considerations,  energy 
conservation,  lighting  either  natural  or 
artificial,  or  site  selection.  The  criteria 
do  not  apply  to  the  following  systems: 

Active  space  heating  or  cooling  with  less 
than  100  ft^  (9.3  of  collector  area. 

Active  domestic  hot  water  systems  with 
less  than  30  gal/hr  (113  liter/hr)  draw. 

Passive  systems  with  less  than  100  ft  (9.3 
m  ^  of  aperture  area,  receiving  winter  solar 
flux. 

The  criteria  given  in  this  document 
primarily  consider  aspects  of  planning 
and  design  that  are  different  from 
conventional  buildings  by  reason  of  the 
solar  energy  systems  under 
consideration  and  are  intended  to: 

1.  Establish  minimum  levels  for  health 
and  safety  that  are  consistent  with  those 


'  Although  not  specifically  mentioned  in  Pub.  L. 
93-409.  it  is  recognized  in  this  document  that  not  all 
cooling  systems  are  combined  with  heating  systems. 


presently  established  for  conventional 
systems  used  in  building  applications; 

2.  Ensure  that  the  proposed  heating, 
cooling  and  hot  water  systems  or 
combinations  thereof,  are  capable  of 
providing  levels  of  performance 
consistent  with  those  provided  by 
conventional  systems  used  in  building 
applications; 

1  Verify  that  proposed  systems  and 
components  are  capable  of  providing 
their  design  performance  levels; 

Ascertain  that  the  systems  and 
components  are  durable,  reliable, 
readily  maintainable  and  generally 
constructed  in  accordance  with  good 
practice:  and 

5.  Provide  appropriate  instructions 
and  information  for  the  operation  and 
servicing  of  the  systems  and 
components. 

Many  of  the  problems  and 
circumstances  discussed  in  the  criteria 
are  unique  to  solar  installations.  Several 
useful  references  drawn  from  the 
Federal  Solar  Demonstration  Program 
give  insight  into  such  problems  [1,  2,  3,  4, 
5,  6,  7. 8].* 

The  performance  criteria  are  intended 
to  be  flexible  in  order  to  allow  freedom 
of  design  and  encourage  innovation  in 
keeping  with  the  intent  of  Pub.  L.  93-409. 

Organization  and  Format 

This  document  is  organized  on  the 
basis  of  performance  criteria  dealing 
with  heating,  cooling  and  hot  water 
systems  and  their  integration  into 
buildings. 

Performance  statement  entries,  with 
the  exception  of  Chapter  1,  are 
presented  in  the  Requirement,  Criterion, 
Evaluation  and  Commentary  format. 

The  Requirement  is  a  qualitative 
statement  giving  the  user  need  or 
expectation  for  the  item  being 
addressed.  It  is  a  general  statement  of 
what  the  system  or  its  components  ahall 
be  able  to  do.  The  Criterion  is  generally 
a  quantitative  statement  giving  the  level 
of  performance  required  to  meet  the 
application  or  expectation  for  the  item 
being  addressed.  The  one  or  more 
criteria  associated  with  each 
requirement  state  those  considerations 
that  are  necessary  to  meet  the 
requirement.  Due  to  limitations  in  the 
state-of-the-art,  a  quantitative  statement 
is  not  always  contained  in  each  criterion 
in  this  document.  In  addition, 
quantitative  statements  have  been 
intentionally  omitted  in  some  criteria 
where  these  values  will  be  provided  by 
the  designer.  The  Evaluation  sets  forth 
the  record  of  experience,  methods  of  test 
and/or  other  information  upon  which  an 


‘Numbers  in  brackets  [  ]  indicate  references  at 
the  end  of  this  introductory  section. 


evaluative  judgment  of  compliance  with 
a  criterion  will  be  based.  It  states  the 
standards,  inspection  methods, 
analyses,  review  procedures,  historical 
documentation  or  other  methods  that 
may  be  used  in  evaluating  whether  or 
not  the  system  and  its  components  as 
designed  comply  with  the  criterion.  It  is 
expected,  in  many  cases,  that  the  review 
of  documentation  of  in-use  performance 
or  professional  judgment  will  be  used  as 
evaluative  tools  in  lieu  of  testing.  The 
Commentary  provides  background  for 
the  reader  and  presents  the  rationale 
behind  the  selection  of  specific  data 
presented  in  the  Requirement,  Criterion 
or  Evaluation.  The  commentary  is 
intended  for  informational  purposes  and 
in  some  instances,  provides  design 
guidelines.  Such  guidelines  are  only  one 
suggestion  of  appropriate  methods,  in 
most  instances,  there  will  be  other 
methods  equally  as  effective. 

The  document  is  organized  into 
chapters  on  the  basis  of  the  performance 
attributes  listed  below: 

1.  Site  and  Building  performance 
statements  deal  with  the  interactions 
between  the  solar  energy  system  and  its 
surrounding  environment,  the  site  and 
building.  These  performance  statements 
provide  for  integrating  the  building  and 
site  with  the  system  and  its  components 
without  seriously  degrading  the 
environment  or  impairing  the  normal 
function  of  the  building  and  its 
components.  Because  of  their  more 
general  nature,  the  statements  in  this 
chapter  are  not  organized  in  the 
requirement/criterion/ evaluation  / 
commentary  format  discussed 
previously. 

2.  Thermal  performance  statements 
are  used  to  evaluate  the  ability  of 
systems  and  their  components,  as 
designed,  to  operate  and  provide  their 
rated  output  and  in  some  cases  the 
determination  of  that  output.  The  ability 
of  the  solar  heating  system  to  maintain 
the  building  at  a  specified  temperature 
under  a  given  set  of  outdoor  conditions 
is  an  example  of  a  thermal 
consideration. 

3.  Mechanical  performance 
statements  address  the  mechanical 
design  and  performance  of  the  solar 
energy  systems  and  their  components. 
Factors  such  as  the  ability  of  the  system 
to  withstand  normal  design  service 
conditions,  e.g.  pressure  and 
temperature,  are  considered  under  this 
category. 

4.  Safety  and  Health  deals  with  the 
mitigation  of  hazards  that  would  result 
in  personal  injury  or  property  damage.  ' 
Hazards  such  as  those  due  to  scalding, 
lacerating,  toxic  and/or  flammable 
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materials  are  also  considered  under  this 
category. 

5.  Durability /Reliability  relate  to  the 
ability  of  systems  and  their  components 
to  perform  designed  functions  for  a 
specified  interval  imder  designated  use 
conditions.  Corrosion  and  thermal 
degradation  are  typical  durability- 
reliability  related  items. 

6.  Operation  and  Servicing  deals  with 
the  features  of  systems  and  their 
components  that  allow  them  to  be 
maintained  in  good  operating  condition 
for  extended  periods  of  time.  Manuals 
and  instructions,  routine  scheduled 
maintenance,  corrective  maintenance, 
replacements  and  repairs  are  considered 
under  this  category.  Accessibility  is  an 
important  maintainability  consideration. 

For  the  purposes  of  this  document,  the 
various  systems  and  components,  both 
active  and  passive,  treated  in  this 
document  are  abbreviated  as  follows: 

(H) — Heating  system 
(C) — Cooling  system 
(HW) — Hot  water  svstem  (domestic 
HW) 

(H/C/HW - is  used  when  a 

requirement  or  criterion  is  applicable 
to  the  individual  H,  C,  HW  system  or 
any  combination  thereof. 

An  important  reason  for  including  a 
commentary  in  the  presentation  is  to 
assure  a  workable  process  of  updating 
these  performance  criteria  by  providing 
the  rationale  for  selection  of 
performance  levels  and  methods  of 
evaluation  so  that  when  questions  arise 
as  to  the  basis  for  a  particular  criterion, 
the  reader  will  have  available  the 
rationale  behind  the  criterion.  With  the 
present  state-of-the-art,  there  will  be  a 
need  for  periodic  updates  to  readjust 
levels  of  acceptability  for  both  systems 
and  components. 
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Terminology* 

Absorber:  The  part  of  the  solar  collector  that 
receives  the  incident  solar  radiation  and 
transforms  it  into  thermal  energy. 
Absorptance:  The  ratio  of  the  amount  of 
radiation  absorbed  by  a  surface  to  the 
amount  of  radiation  incident  upon  it. 

Active  solar  system:  A  method  of  space 
conditioning  or  water  heating  that  utilizes 
solar  radiation  primarily  by  means  of 
mechanical  equipment  rather  than  building 
elements. 

Air  chamber:  A  closed  section  of  pipe  or  a 
container  filled  with  air  entrapped  at 
atmospheric  pressure  that  when  mounted 
in  a  water  supply  line  absorbs  the  pressure 
surges  caused  by  the  rapid  opening  and 
closing  of  valves. 

Air  mass:  The  ratio  of  the  mass  of 
atmosphere  in  the  actual  earth-sun  path  to 
the  mass  that  would  exist  if  the  sun  were 
directly  overhead  at  sea  level. 

Aperture:  An  opening  in  a  building  wall,  roof 
or  other  collection  device  that  transmits 
solar  radiation. 

Applicable  authority:  Person  or  organization 
who  specifies  that  a  H/C/HW  system  shall 
meet  these  performance  criteria  or  who  can 
legally  set  certain  performance  levels  not 
specified  in  these  criteria.  This  may  range 
from  a  government  agency  to  a  project 
owner. 

Auxiliary  energy  system:  Equipment  utilizing 
energy  other  than  solar  both  to  supplement 
the  output  provided  by  the  solar  energy 
system  as  required  by  the  design 
conditions  and  to  provide  necessary  energy 
back  up  requirements  during  periods  when 
the  solar  H,  C  or  HW  systems  are 
inoperable.  It  may  be  integrated  directly 
into  the  solar  energy  system  or  it  may  be 
completely  separate  from  it  and  contain  its 
own  means  for  delivery  of  heating,  cooling 
and/or  hot  water  to  the  building. 

Backflow:  The  flow  in  pipes,  ducts  and  other 
chambers  opposite  to  the  intended 
direction  of  flow.  Backflow  may  occur 
under  two  conditions:  pressure  greater  than 
atmospheric  and  pressure  that  is 
subatmospheric  (see  “Backsiphonage”). 
Backflow  preventer:  A  device  or  means  to 
prevent  backflow,  especially  in  regard  to 


*The  definitions  given  here  are  for  use  in  this 
document  only. 


the  potential  for  contamination  of  potable 
water  supply. 

Backsiphonage:  A  form  of  backflow  due  to  a 
negative  or  subatmospheric  pressure. 

Chemical  incompatibility:  the  inability  of 
materials  to  remain  in  contact  with  each 
other  without  chemical  interaction,  such  as 
electrolytic  action  or  plasticizer  migration. 

Closed  system:  An  arrangement  in  hydronic 
systems  where  ambient  air  is  not  allowed 
to  enter  the  system  under  normal  operating 
conditions. 

Collector  array:  Group  of  solar  collectors  or 
absorbing  surfaces  connected  by  pipes  or 
ducts  and  including  any  pipes  or  ducts  to 
the  point  where  there  is  only  one  inlet  and 
one  outlet. 

Collector  array  manifold:  All  pipes  or  ducts 
within  the  collector  array  but  external  to 
the  collector  panels. 

Collector  azimuth  angle:  The  angle  between 
the  direction  the  collectors  face  and  due 
south  (in  the  northern  hemisphere). 

Collector  efficiency  (ASHRAE  93-77):  The 
amount  of  energy  removed  by  the  transfer 
fluid  per  unit  of  gross  collector  area  during 
the  specified  time  period  divided  by  the 
total  solar  radiation  incident  on  the 
collector  per  imit  area  during  the  same  time 
period,  under  steady  state  or  quasi-steady 
state  conditions. 

Collector  orientation:  Combined  effect  of 
collector  tilt  and  azimuth  angles. 

Collector  tilt  angle:  The  acute  angle  between 
the  collector  plane  and  horizontal. 

Cooling  degree  days:  The  number  of  degrees 
that  the  daily  mean  temperature  is  above 
65'  F  (18.3°  C).  These  are  totaled  to  give 
cooling  degree  days  per  month  or  per  year. 

Cooling  (C)  system:  The  complete  assembly 
necessary  to  convert  solar  energy  into 
thermal  energy  and  use  this  energy  in 
combination  with  auxiliary  energy,  where 
required,  for  space  cooling  purposes. 

(Where  cooling  is  required,  nocturnal 
radiation,  evaporative  cooling  and/or  other 
means  may  be  used  in  combination  with,  or 
in  lieu  of,  heat  actuated  space  cooling). 

Combustible  liquid:  Combustible  liquid  shall 
mean  any  liquid  having  a  flash  point  at  or 
above  100°  F  (37.8°  C)  (See  “Flammable 
liquid”). 

Combustible  material:  See  noncombustible 
material. 

Contaminants  (hazardous):  Materials  (solids 
or  liquids  or  gases)  which  when  added 
unintentionally  (or  intentionally)  to  the 
potable  water  supply  cause  it  to  be  unfit  for 
human  consumption. 

Control  system:  Devices  and  their  electrical, 
mechanical,  pneumatic  or  hydraulic 
auxiliaries  used  to  regulate  the  processes 
of  collecting,  transporting,  storing  and 
utilizing  energy  in  response  to  the  thermal, 
safety  and  health  requirements  of  the 
building  occupants  or  building. 

Creep:  A  time-dependent  deformation  of 
material  resulting  from  sustained  loads 
which  can  be  influenced  by  factors  such  as 
temperature  and  solar  radiation. 

Depletable  energy:  Energy  from  any  source 
other  than  solar  energy  converted  to 
thermal  energy  at  the  building  site  or  from 
thermal  energy  extracted  from  the  air, 
groundwater  or  ground.  Depletable  energy 
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sources  include  coal,  natural  or 
manufactmed  gas,  oil,  other  petroleum 
products,  wood  and  electricity.  Electricity 
produced  off-site  is  considered  to  be 
depletable  energy,  even  though  the  source 
of  the  electricity  may  be  some  form  of  solar 
energy  such  as  hydropower  or  wind. 

Depletable  energy  limit:  Allowable 
depletable  energy  use  over  one  year  for  a 
H/C/HW  system  based  on  predicted 
system  performance. 

'  Design  hot  water  load:  The  rate  of  energy 
required  to  be  added  by  the  mechanical 
system  to  the  water  at  design  maximum  hot 
water  use  rate  and  temperature,  not 
including  energy  to  offset  standby  water 
heater,  recirculation  and  distribution 
losses.  Normally,  the  design  hot  water  load 
is  determined  by  a  combination  of  recovery 
rate  and  hot  water  storage  capacity. 

Design  life:  The  period  of  time  during  which 
an  H/C/HW  system  is  expected  to  perform 
its  intended  function  without  requiring 
major  maintenance  or  replacement. 

Design  maximum  flow  temperature:  The 
maximum  temperature  that  will  be 
obtained  in  a  component  when  the  heat 
transfer  fluid  is  flowing  through  the  system. 

Design  maximum  no-flow  temperature:  The 
maximum  temperature  that  will  be 
obtained  in  a  component  when  the  heat 
transfer  fluid  is  not  flowing  through  the 
system. 

Design  space  cooling  load:  The  instantaneous 
rate  of  energy  required  to  be  removed  by 
the  mechanical  system  from  the  space 
being  cooled  to  achieve  space  cooling 
under  summer  design  conditions. 

Design  space  heating  load:  The  instantaneous 
rate  of  heat  required  to  be  added  by  the 
mechanical  system  to  the  space  being 
heated  to  achieve  space  heating  under 
winter  design  conditions. 

Design  working  pressure:  The  value  of  the 
pressure  used  in  design  calculations  for 
pressure  related  operational  and 
construction  characteristics.  This  is  the 
maximum  allowable  working  pressure  for 
which  a  speciflc  part  of  a  system  is 
designed. 

Dielectric  fitting:  An  insulating  fitting  used  to 
isolate  electrochemically  dissimilar 
materials. 

Drain  down  system:  Function  of  an  open-loop 
solar  water  system  in  whjich  all  water 
drains  out  of  the  collectors  and  exposed 
piping  at  a  pre-set  point  above  the  freezing 
temperature. 

Drainback  system:  A  liquid  solar  collector 
sysem  in  which  the  collector  fluid  drains 
down  to  an  interior  storage  tank  when  the 
collector  is  not  operating. 

Ease  of  ignition:  The  time  elapsed  between 
the  exposure  of  a  material  to  a  controlled 
heat  or  flame  source  and  the  onset  of 
flaming  The  ease  of  ignition  may  be  used  In 
analyzing  the  relative  fire  hazard  of  the 
materials. 

EmittancefThe  ratio  of  the  radiant  energy 
emitted  by  a  body  to  the  energy  emitted  by 
a  blad(  body  at  the  same  temperature. 

Energy  transport  system;  Those  portions  of 
the  H/C/HW  systems  that  convey  energy 
from  one  place  to  another.  Heat  transfer 
from  the  collector  to  storage  and  from 
storage  to  the  point  of  use  is  accomplished 
through  the  energy  transport  system. 


Failure  (structural):  Failure  of  a  structure  or 
any  structural  element  is  defined  as  one  of 
the  following:  (a)  Sudden,  locally-increased 
curvature,  major  spalling  or  structural 
collapse,  (b)  The  inability  of  the  structure 
to  resist  a  further  increase  in  load,  (c) 
Structural  deflections  under  design  loads 
that  cause  signiBcant  peformance 
degradation  of  the  component  or 
subsystem. 

Flammable  liquid:  Any  liquid  having  a  flash 
point  below  100°  F  (37.8°  C)  and  having  a 
vapor  pressure  not  exceeding  40  pounds 
per  square  inch  (275  KPa)  absolute  (2068.6 
mm  Hg)  at  100°  F  (37.8°  C)  (NFPA  321)  (see 
“Combustible  liquid”). 

Flash  point:  The  minimum  temperature  of  a 
liquid  at  which  sufficient  vapor  is  given  off 
to  form  an  ignitible  mixture  with  the  air 
near  the  surface  of  the  liquid  or  within  the 
vessel  used  as  determined  by  appropriate 
test  procedures  and  apparatus  as  speciBed 
in  NFPA  321. 

Flow  condition:  The  situation  that  exists 
when  the  heat  transfer  fluid  is  moving 
through  the  collector  array  under  normal 
conditions. 

Fully  conditioned  space:  The  volume  within 
the  building  envelope  in  which  70°  F  (21°  C) 
is  capable  of  being  maintained  during  the 
97  percent  winter  outdoor  heating  design 
temperature  conditions. 

Glazing:  A  membrane  or  sheet  of  transparent 
or  translucent  material  (glass  or  plastic) 
used  for  admitting  light.  Glazing  retards 
heat  losses  due  to  reradiation  and 
convection.  Examples:  windows,  skylights, 
greenhouse  and  collector  coverings. 

Gross  floor  area:  Floor  area  of  the  building 
measured  to  the  outside  of  exterior  walls 
that  enclose  fully  conditioned  spaces  and 
to  the  center  of  party  walls  and  walls 
adjacent  to  semi-conditioned  spaces. 

Gross  solar  contribution:  Total  solar  input  of 
a  passive  solar  energy  system  less  excess 
energy  discharge  (venting)  losses  due  to  the 
passive  solar  energy  system. 

H/C/HW  system:  The  mechanical  space 
heating,  space  cooling  or  hot  water  system, 
or  any  combination  thereof,  in  which  solar 
energy  intercepted  at  the  building  site  is 
converted  to  usable  thermal  energy  to 
satisfy  paartially  or  fully  the  respective 
energy  requirements.  This  includes  systems 
having  discrete  collectors  with 
thermosiphon-driven  control  for  air-  or 
liquid-type  collectors. 

Hazardous  substances:  See  “Federal 
Hazardous  Substances  Act  Regulations,” 
Code  of  Federal  Regulations  (CFR),  Title 
16,  Part  1500.3(b)(4)(i).  The  following  is  an 
extraction  of  the  deflnition:  “Any 
substance  or  mixture  of  substances  which 
is  toxic,  corrosive,  an  irritant  a  strong 
sensitizer,  flammable  or  combustible,  or 
generates  pressure  through  decomposition, 
heat  or  other  means,  if  such  substance  or 
mixture  of  substances  may  cause 
substantial  personal  injury  or  substantial 
illness  during  or  as  a  proximate  result  of 
any  customary  or  reasonably  foreseeable 
handling  or  use,  including  reasonably 
foreseeable  ingestion  by  children. 
‘Hazardous  substances’  shall  not  apply — to 
substances  intended  for  use  as  fuels  when 
stored  in  containers  and  used  in  the 


heating,  cooling  or  refrigeration  system  of  a 
house.” 

Heating  degree  days:  The  number  of  degrees 
that  the  daily  mean  temperature  is  below 
65°  F  (18.3°  C).  These  are  totaled  to  give 
heating  degree  days  per  month  or  per  year. 

Heating  (H)  system:  The  complete  assembly 
of  systems  necessary  to  convert  solar 
energy  into  thermal  energy  and  use  this 
energy  in  combination  with  auxiliary 
energy,  where  required,  for  space  heating 
purposes. 

Highly  toxic:  See  “Federal  Hazardous 
Substances  Act  Regulations,”  Code  of 
Federal  Regulations  (CFR),  Title  16,  Part 
1500.3(b)(6)(i).  The  following  is  an 
extraction  of  the  deflnition:  “  ‘Highly  toxic’ 
means  any  substance  producing  a  lethal 
dose  in  half  (LD50)  of  white  rats,  when 
ingested  as  a  single  dose,  of  50  mg  or  less 
per  kg  of  body  weight.”  Part  1500.3(c)(1)  (i) 
and  (ii)  also  gives  further  speciflc 
definitions  relative  to  inhalation  and 
absorption.  Human  data  when  available, 
shall  take  precedence  (see  also  “Toxic”). 

Hot  water  energy  requirements:  Energy 
required  over  a  given  period  of  time  to  heat 
the  supply  water  to  a  designated  use 
temperature,  including  energy  required  to 
offset  standby  water  heater,  recirculation 
and  distribution  losses,  but  not  including 
hot  water  system  operating  energy. 

Hot  water  (HVV)  system:  The  complete 
assembly  of  subsystems  or  components 
necessary  to  convert  solar  energy  into 
thermal  energy  and  use  this  energy  in 
combination  with  auxiliary  energy,  where 
required,  to  provide  hot  water  in  the 
building.  It  may  either  be  integrated 
directly  into  the  H,  C  or  combined  H  and  C 
(H/C)  system  or  be  completely  separate 
from  them. 

In-service  conditions:  The  conditions  to 
which  a  solar  H/C/HW  system  will  be 
exposed  during  its  operational  lifetime. 

Langley:  ‘The  meteorologist’s  unit  of  solar 
radiation  intensity,  equivalent  to  1.0  gram 
calorie  per  square  centimeter,  usually  used 
in  terms  of  langleys  per  minute.  1  langley 
per  minute =221.2  Btu  per  hour  per  square 
foot =697  watts  per  square  meter. 

Liquid  heat  transfer  fluid:  The  operating  or 
thermal  storage  liquid  including  water  or 
other  liquid  base  and  all  additives  at  the 
concentration  used  under  operating 
conditions. 

Load:  Peak  rate  of  energy  demand  on  a 
mechanical  H/C/HW  system.  Load  is 
energy  per  unit  time  or  power. 

Maximum  service  temperature:  The 
maximum  temperature  at  which  a  system  is 
designed  to  operate  either  with  or  without 
the  flow  of  heat  transfer  fluid. 

Mechanical  system:  All  equipment  and 
controls  required  to  satisfy  space  heating, 
cooling  or  hot  water  energy  requirements. 
The  mechanical  system  may  contain  both 
solar  and  auxiliary  components,  including 
pumps,  pipes,  blowers,  ducts,  insulation, 
solar  collectors,  thermal  storage,  heat 
exchangers,  valves  and  electrical  wiring. 

Minimum  service  temperature:  The  minimum 
temperature  at  which  a  system  is  designed 
k)  experience  either  with  or  without  the 
flow  of  heat  transfer  fluid. 
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Net  solar  contribution:  Solar  radiation 
transmitted  throuth  a  portion  of  the 
building  envelope  and  absorbed  within  the 
building  during  a  given  daily,  monthly  or 
annual  cycle,  less  the  transmission,  and 
ventilation  (excess  energy  discharge) 
losses  due  to  the  same  portion  of  the 
building  envelope  during  the  same  period. 
This  is  equivalent  to  net  soleir  gain. 

Nocturnal  cooling:  The  cooling  of  a  building 
or  heat  storage  device  by  the  radiation  of 
heat  to  the  night  sky. 

“No-flow”  condition:  The  situation  that  exists 
when  the  heat  transfer  fluid  is  not  flowing 
through  the  collector  array  due  to 
shutdown  or  malfunction  and  the  collector 
is  exposed  to  the  amount  of  solar  radiation 
that  it  would  receive  under  normal 
operating  conditions.  Heat  transfer  fluid 
may  or  may  not  be  in  the  collector  but  it  is 
not  flowing  if  present. 

Noncombustible  materiak  Material  which 
does  not  act  to  aid  combustion  or  add 
appreciable  heat  to  an  ambient  Are  when 
tested  in  accordance  with  ASTM  E136-79, 
“Standard  Test  Method  for  Behavior  of 
Materials  in  a  Vertical  Tube  Furnace  at 
750°  C,”  and  pass  the  tests  set  forth  therein. 

Normal  operat^  condition:  Condition  of 
operation  during  which  no  applicable 
parameter  (e.g.  temperature,  pressure  or 
flow  rate]  is  at  or  near  an  extreme  or 
unexpected  value. 

Open  system:  An  arrangement  in  hydronic 
systems  where  ambient  air  is  allowed  to 
enter  the  system  imder  normal  operating 
conditions. 

Operating  energy.  Energy  required  to  operate 
pumps,  compressors,  fans,  blowers,  valves, 
controls,  movable  shutters  or  any  other 
equipment,  but  not  energy  intended  to 
directly  satisfy  a  load.  Operating  energy,  as 
defined  here,  includes  energy  to  operate  a 
heat  pump  compressor. 

Operative  temperature:  The  average  of  the 
dry  bulb  temperature  and  the  mean  radiant 
temperature  at  a  given  location. 

Optimum  collector  orientation:  Collector 
orientation  that  results  in  the  maximum 
annual  solar  energy  collected  and  used. 

The  optimum  orientation  depends  on 
factors  such  as  site  location,  system  type, 
aimual  solar  fraction,  local  weather 
conditions,  load  profile  and  thermal  storage 
size. 

Outgassing:  The  emission  of  gases  by 
materials  and  components  usually  during 
exposure  to  elevated  temperature  or 
reduced  pressure. 

Passive  solar  components:  Components  of  a 
building  that  serve  to  modify  the  space 
conditioning  energy  requirements  by  means 
of  reflecting,  absorbing,  transmitting  or 
storing  solar  energy.  These  components 
include  flxed  and  movable  apparatus 
which  can  be  operated  either  manually  or 
automatically.  Examples  of  passive  solar 
components  are;  shading  devices, 
windows,  attached  greenhouses,  Trombe 
walls  and  mass  placed  for  storage  of  solar 
energy. 

Passive  solar  energy  system:  A  method  of 
space  heating  or  cooling  that  utilizes  solar 
radiation  primarily  by  means  of  building 
elements  rather  than  mechanical 
equipment.  In  passive  systems,  the  energy 


flows  are  primarily  by  natural  means 
(radiation,  convection,  conduction).  For  the 
purposse  of  this  document,  this  definition 
includes  some  systems  in  which  at  least 
one  energy  flow  is  by  natural  means  and  at 
least  one  is  by  forced  means,  otherwise 
known  as  hybrid  systems. 

Physical  incompatibility:  The  inability  of 
materials  in  contact  with  each  other  to 
resist  degradation  by  physical  actions  such 
as  differential  thermal  expansion. 

Pitting:  The  process  by  which  localized 
material  loss  is  caused  in  materials  by 
erosion  or  chemical  decomposition. 

Plasticizer  migration:  The  movement  of 
plasticizers  used  in  plastic  materials.  These 
plasticizers  may  concentrate  in  a  narrow 
boundary  area  or  migrate  to  another 
material  in  contact  with  the  plastic. 

Potable  water  Water  flee  from  impiuities 
present  in  amounts  sufficient  to  cause 
disease  or  harmful  physiological  effects 
and  conforming  in  its  bacteriological  and 
chemical  quality  to  the  requirements  of  the 
Public  Health  Service  IMnking  Water 
Standards  or  the  regulations  of  the  public 
health  authority  having  jurisdiction. 

Potential  heat:  The  difference  between  the 
heat  of  combustion  of  a  representative 
specimen  of  material  and  the  heat  of 
combusion  of  any  residue  remaining  after 
exposure  to  a  simulated  standard  fire, 
determined  by  combustion  calorimetric 
techniques. 

pphnu  Parts  per  hundred  million. 

Immature  failure:  Failure  that  occurs  before 
the  design  life. 

Pyranometer  A  device  used  to  measure  the 
total  solar  radiation  incident  upon  a 
surface  per  unit  time  per  unit  area.  This 
energy  includes  die  direct  radiation,  the 
diffuse  sky  radiation  and  the  solar 
radiation  reflected  from  the  foreground. 

R  value:  Resistance  to  heat  flow  given  in 
units  of  ft*.°Fhr/Btu  (1  ftl'Flu'/Btu  is 
equivalent  to  0.176  m*’C/W). 

Radiation:  The  process  of  heat  transfer  by  the 
transmission  of  electromagnetic  waves 
between  two  or  more  bodies  in  sight  of 
each  other.  These  radiant  waves  are 
converted  to  heat  only  after  being 
absorbed  by  matter. 

Rate  of  heat  release:  A  measure  of  the  heat 
production  of  a  material  under  a  specified 
set  of  fire  exposure  conditions  which  may 
be  used  in  evaluating  the  relative  hazard  of 
the  material. 

Recovery  rate:  The  rate  at  which  a  wpter 
heater  can  replenish  its  supply  of  hot 
water,  traditionally  e}q>res8ed  in  gallons 
per  hour  per  100°  F  (37.8°  C)  temperature 
rise. 

Safety  glazing  materials:  Glazing  materials  so 
constructed,  treated  or  combined  with 
other  materials  as  to  minimize  the 
likelihood  of  cutting  and  piercing  injuries 
when  these  glazing  materials  are  broken. 

Service  loads:  Loads  that  are  expected  during 
the  service  life  of  a  structure  and  upon 
which  the  design  of  the  structure  is  based. 

Shall:  Where  “shall”  is  used  with  a  special 
provision,  that  provision  is  mandatory  if 
compliance  with  the  criterion  is  claimed. 

Should:  Term  used  to  indicate  a  criterion  that 
is  not  mandatory  but  is  desirable  as  good 
practice. 


Significant  (deterioration,  loss,  etc.): 
Deterioration  that  results  either  in  a 
decrease  in  performance  greater  than  that 
allowed  for  in  the  design,  or  in  the  creation 
of  a  hazard. 

Solar  constant:  The  average  intensity  of  solar 
radiation  reaching  the  earth  outside  the 
atmosphere;  amounting  to  2  langleys  or  1.94 
calories  per  square  centimeter,  per  minute 
equal  to  430  Btu/hr.ft^or  1353  watts/m^. 

Solar  degradation:  The  process  by  which 
exposure  to  sunlight  deterirates  materials. 

Solar  energy.  Solar  radiation  or  energy  flom 
solar  radiation  intercepted  and  converted 
to  thermal  energy  at  the  building  site. 

Solar  fraction:  The  ratio  of  solar  energy 
applied  to  the  load  by  the  active  solar 
energy  system  to  the  total  load.  Solar 
fraction  may  be  calculated  for  any  time 
period,  for  example  monthly  or  annually. 
Solar  energy  applied  to  the  load  may 
include  uncontrolled  heat  losses  from  the 
active  solar  energy  system  if  these  losses 
contribute  to  meeting  the  load  and  is 
reduced  by  imcontrolled  heat  losses  if 
these  losses  increase  the  load  (cooling 
systems). 

Solar  time:  The  hours  of  the  day  as  reckoned 
by  the  apparent  position  of  the  sun.  Solar 
noon  is  that  instant  on  any  day  at  which 
time  the  sun  reaches  its  maximum  altitude 
for  that  day.  Solar  time  is  very  rarely  the 
same  a  local  standard  time  in  any  locality. 

Space  cooling  load:  Rate  at  which  heat  must 
be  removed  from  the  conditioned  space  by 
the  mechanical  system  to  maintain  indoor 
temperature  at  a  constant  value,  space 
cooling  load  reflects  sensible  and  latent 
heat  gain  due  to  external  and  internal 
sources.  However,  storage  capacity  within 
the  building  and  contents  affects- the 
relationship  between  heat  gain  and  space 
cooling  load. 

Space  cooling  system:  The  mechanical 
system  containing  all  equipment  and 
controls  required  to  satisfy  the  space 
cooling  load. 

Space  heating  load:  Rate  at  which  heat  must 
be  added  to  the  conditioned  space  by  the 
mechanical  system  to  maintain  interior 
temperature  at  a  constant  value. 

Space  heating  system:  The  mechanical 
system  containing  all  equipment  and 
controls  required  to  satisfy  the  space 
heating  load.  The  space  heating  system 
may  include  solar  collectors,  thermal 
storage,  energy  transport  devices  and 
auxiliary  energy  equipment.  The  space 
heating  and  space  cooling  systems  may 
have  some  components  in  common. 
Fireplaces  and  wood  stoves  used  for 
heating  are  considered  to  be  part  of  the 
space  heating  system. 

Storage  system;  Equipment  in  which  thermal 
energy  is  stored  so  that  it  can  be  used 
when  required.  Specific  designs  may  utilize 
more  than  one  heat  storage  temperature 
(e.g.,  dual  temperature  storage)  and  may 
also  employ  cold  storage  in  all  or  part  of 
the  storage  subsystem. 

System:  The  complete  assembly  necessary  to 
supply  heat,  domestic  hot  water  or  other 
usable  form  of  solar  energy  to  a  structure. 
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Tap  temperatoFc;  The  temperature  at  which 
water  is  discharged  from  aas  outlet  at  the 
point  of  use. 

Thermal  stratification:  Separation  into 
different  temperature  regions.  Thermal 
stratification  usually  occurs  vertically  in 
liquid  thermal  storage  containers  but  may 
also  occur  horizontally  in  rock  bins. 
Thermosiphon;  Flow  of  fhiid  tfirough  a  closed 
loop  induced  by  density  (fifference  in  the 
fluid  caused  by  temperature  diSerence 
which  is  in  turn  caused  by  heat  transfer 
into  and  out  of  the  loop. 

Total  solar  input:  Amount  of  solar  radiation 
transmitted  through  the  t^erture  of  a 
passive  solar  energy  system  and  absorbed 
within  the  building  during  a  specified  time 
period. 

Toxic;  See  “Federal  Hazardous  Substances 
Act  Regulations,”  Code  of  Federal 
Regulatkms  (CFR),  Title  16,  Part  1500.3 
(b)(5)  and  (c)(2).  “‘Toxic’  shall  apply  to  any 
substance  (other  than  a  radio  ac^e 
substance)  which  has  the  capacity  to 
produce  personal  injury  or  illness  to  man 
through  ingestion,  inhalation  or  absorption 
through  any  body  surface.”  An  extraction 
of  the  more  specific  definition  in  (c)(2)  adds 
the  following:  ‘“Toxic’  means  any 
substance  producing  a  lethal  dose  in  half 
(LDm)  of  white  rats  when  ingested  as  a 
single  dose,  of  from  50  mg  to  5  g  per  kg  of 
body  weight.”  Part  1500.3(c)(2)  (i),  (ii),  and 
(iii)  also  give  further  specific  definitions 
relative  to  inhalation  and  absorption  (see 
also  "Tfighly  toxic”). 

Transmittance:  The  ratio  of  the  radiant  flux 
transmitted  through  and  emerging  from  a 
body  to  the  total  flux  incident  on  it 
UV;  Ultraviolet  radiation,  that  part  of  the 
terrestial  solar  energy  between  0.3  and  0.4 
micrometers  (300-400  nanometers). 

Water  hammer:  Potentially  damaging  forces, 
exemplified  by  pressure  surges  and 
attendant  pounding  noises  and  vibration 
that  develop  in  a  p4)e  system  when  a 
column  of  liquid  fiowing  through  a  pipe  line 
is  stopped  abruptly. 

Zero  hardness:  A  property  of  softened  water 
such  that  no  calcium  or  magnesium  can  be 
found  in  it  by  ordinary  analytical  methods. 
2%  percent  summer  design  temperature:  The 
outdoor  air  temperature  will  be  higher  than 
the  stated  value  not  more  than  73  hours  per 
year  (2t4  percent  of  the  2,928  hours  in  )\me 
through  September). 

97  percent  winter  design  temperature;  The 
outdoor  air  temperature  will  be  lower  than 
the  stated  values  for  not  more  than  54 
hours  per  year  (2%  percent  of  the  2,160 
hours  in  December,  January  and  February). 

Chapter  1. — Site  and  Building 
1.0  Introduction 

1.1  Climate  and  regional  considerations 

1.2  Site  consideraticHis 

1.3  Building  considerations 

1.4  Building/ solar  interaction 
References 

Chapter  1. — Site  and  Building 

1.0  Introduction 

This  chapter  sets  forth  eoneideradons 
of  the  use  of  solar  energy  as  related  to 
broadly  encompassing  impacts  beyond 


the  scale  of  the  solar  energy  system 
itself.  The  performance  criteria  for  solar 
energy  systems  exist  within  a  ccmtext  of 
requirements  that  increase  m  scope  hxim 
the  building  for  which  the  system  is 
designed,  to  the  ste,  to  the  region  and 
its  climate,  up  to  die  scale  of  national 
energy  goals.  At  each  level,  certain 
requirements  have  evolved  which  will 
influence  solar  installations.  Policy 
decisions  concerning  energy 
conservation  [1,  2]*,  tax  incentives, 
grant  programs,  reduced  interest 
financing,  fudi  pricing  or  son  rights  are 
examples  of  requirements  that  may  have 
profound  influence  on  solar  energy 
applications. 

It  is  critical  that  solar  installations 
work  in  harmony  with  the  overall 
conditions  of  diinate,  site,  building 
characteristics  and  use  patterns  of  the 
occupants.  Proper  and  efficient 
performance  of  the  site  and  building  will 
increase  the  probability  for  efficiency  of 
the  solar  energy  system  and  in  turn  the 
level  of  performance  of  components  and 
materials  as  well.  A  comprehensive 
check  list  of  factors  used  to  assess  the 
overall  suitability  of  passive  and  active 
designs  used  in  the  technical  review  of 
HUD’s  Cycle  5  Residential  Solar 
Demonstration  is  given  in  the  Appendix, 
pp.  A-39  through  A-45. 

1.1  Climate  and  Regional 
Considerations 

Regional  climate  and  resource 
conditions  may  exert  a  strong  influence 
on  designs.  Certain  construction 
materials  have  strong  indigenous 
applications  and  estabhsh  constraints 
within  which  the  designer  m  any  solar 
building  project  must  work. 

Specific  regional  climatic 
considerations  include  the  following  and 
are  subdivided  into  categories  of 
natural,  man  made  and  climatic  hactors. 

Natural  Factors 

(a)  Sun  altitude  and  declination — for 
consideration  of  collector  aperture  tilt 
and  shading,  etc. 

(b)  Orientation — due  south  vs. 
magnetic  south — to  determine 
orientation  and  building  geometry 

(c)  Topography — for  consideration  of 
building  into  slopes,  earth  berming  and 
otherwise  maximizing  southern 
exposure  and  minimizing  others, 
reference  [3,4J 

(d)  Altitude^or  the  effects  of 
atmospheric  density 

(3)  Vegetation — as  it  affects  shading, 
reflection  and  air  movement,  reference 
[3.41 


*  Numbers  in  brackets  (  ]  indicate  references  at 
the  end  of  this  chapter. 


(f]  Ground  temperature — as  it  affects 
ground  water  temperature  and  earth 
exchange  cooling 

(g]  Water  tabfe  hei^t — for 
considerations  of  excavation,  burying  of 
storage  elements,  earth  contact  housing 
and  wetting  of  insulation 

(h]  Water  quality — its  mineral 
content,  pH,  etc,  when  used  for  heat 
transfer  fluid  or  thermal  storage 

Man  Made  Factors 

(a)  Density  and  growth  of 
development — in  consideration  of  solar 
rights,  shading,  glare,  obtrusive 
installations,  reference  [4, 5,  Bj 

(b)  Pollution  of  ah* — as  it  aiffects 
isolation,  corrosion  of  exposed  parts, 
stain  and  dirt  deposits  on  collector 
cover  plates  or  glazing 

(c)  Building  materials  and 
architectural  character — consideration 
of  mass  and  geometry  or  prevalent 
building  types 

(d)  Bnilding  codes — to  the  extent  that 
they  constrain  solar  applications, 
reference  [6] 

Climatic  Factors 

Macro-climatic  factors  have  a  direct 
influence  on  solar  H/C/HW  systems. 
Typical  sources  of  climate  data  are  the 
Climatic  Atlas  [7]  and  Comparative 
Climatic  Data  [8],  Reference  [9] 
describes  adaption  of  building  form  for 
regional  climate  characteristics. 
Following  is  a  tabulaticm  of  tjqncal 
climate  factors: 

(a)  Temperature  (annual  average, 
seasonal  and  dally] 

(h)  Solar  radiation  (annual,  monthly, 
daily,  hourly) 

Note. — Data  on  a  weekly  basis  would  offer 
many  adv'antages  bat  is  usually  not  tabulated 
in  that  form. 

(c)  Wind  or  air  movement  (direction, 
velocities,  frequency) 

(d)  Relative  humidity 

(e)  Rainfall  and  snow 

Micro-climatic  factors  are  those  of 

specific  interest  to  an  individual 
building,  site  and  immediate 
surroundings.  Climatic  characteristics 
become  more  focused  at  this  scale  and 
may  be  tempered  or  exaggerated  by 
local  features,  creating  weather 
characteristics  unique  to  the  site.  The 
characteristics  unique  to  the  site  may  be 
caused  by  its  topography,  landscaping 
and  proximity  to  surrounding  buildings, 
hills,  lakes  or  open  plains,  reference  [2. 
3).  The  following  characteristics  should 
be  considered  at  this  scale: 

(a)  Shading — time,  duration  and 
season  of  occurrence  are  important  for 
heating  as  well  as  cooling 
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(b)  Air  movement  (direction,  velocity, 
frequency) 

(c)  Atmospheric  quality  (fog,  haze) 
and  direct  vs.  diffuse  solar  radiation 

(d)  Relative  humidity 

1.2  Site  Considerations 

Site  design  and  siting  criteria  for 
energy  conserving  buildings 
incorporating  solar  energy  systems  are 
similar  to  good  practice  guidelines  for 
non-solar  building.  The  difference  is  in 
the  special  affinity  for  the  sun  and  the 
sun’s  path  required  for  solar  energy 
applications.  The  performance 
uncertainties  at  this  time  and  marginal 
energy  balances  often  experienced  in 
the  operation  of  solar  energy  systems 
require  greater  consideration  of  the 
subtleties  of  the  building/environqient 
relationships.  In  passive  solar 
applications,  the  entire  building  is  likely 
to  be  affected  by  these  relationships  and 
for  active  applications  at  least  the  solar 
energy  system  will  be  affected.  Over- 
design  as  a  means  of  coping  with  the 
performance  uncertainties  of  solar 
energy  installations  is  extensive  and  not 
likely  to  be  cost  effective. 

Achieving  an  optimum  orientation  for 
the  building  and/or  collector  apertures 
is  of  primary  importance.  During  the 
winter  months,  approximately  90%  of 
the  sun’s  energy  occurs  between  the 
hours  of  9:00  a.m.  and  3:00  p.m.  It  is 
important  that  solar  collection  surfaces 
not  be  significantly  shaded  during  this 
time.  Site  planning  should  also  take  into 
account  the  direction  of  prevailing 
winds. 

The  judicious  use  of  vegetation  and 
other  landscaping  techniques  can  play  a 
significant  role  in  solar  energy  efficiency 
as  well  as  energy  conservation  in 
general.  The  use  of  decidous  trees  and 
vines  to  provide  summer  shading  while 
still  permitting  full  exposure  to  solar 
radiation  in  the  winter  is  particularly 
important  in  passive  applications. 
Various  ground  cover  materials  can 
increase  reflection  or  reduce  glare  as 
may  be  appropriate.  Trees  may  be  used 
to  channel  cooling  breezes  and 
evergreens  can  be  used  as  effective 
wind  breaks  to  moderate  cold  winter 
winds.  Fences,  screens,  walls  and  earth 
berms  are  other  site  design  elements 
which  would  be  considered  to  provide 
sun  capturing  spaces  or  as  barriers  to 
heat  loss.  References  [3,  4, 10, 11, 12, 13] 
describe  siting  considerations  and 
reference  (9)  describes  the  extensive 
influence  these  have  on  passive  designs. 

1.3  Building  Considerations 

A  well  designed  solar  energy  system 
should  include  a  building  that  is  energy 
conserving  since  collector  area  and 
sizing  of  other  solar  hardware 


components  is  proportional  to  the 
building  load  requirements. 

There  are  several  aspects  that  may  be 
considered.  One  consideration  is  the 
exterior  envelope  of  the  building  where 
energy  can  be  conserved  by  mod%ing 
factors  such  as:  color,  thermal 
resistance,  orientation,  shading,  surface 
area  and  weather  tightness,  ASHRAE 
Standard  90-75  [13]  sets  forth 
requirements  for  the  design  of  the 
exterior  envelope  of  new  buildings  for 
effective  use  of  energy.  Insulation  to 
levels  greater  than  those  specified  in  90- 
75  is  normally  desirable  in  solar 
buildings  to  minimize  heating  load.  In 
the  case  of  passive  buildings,  it  may  be 
desirable  to  tailor  the  design  to  the 
optimum  use  of  glazed  areas,  thermal 
mass,  insulation,  ventilation  and  other 
appurtenances  for  heating,  cooling  and 
illumination.  In  such  cases,  the 
provisions  of  Section  10  (Energy 
Requirements  for  Building  Designs 
Based  on  Systems  Analysis)  and  11 
(Requirements  for  Buildings  Utilizing 
Solar,  Wind  or  Non-Depleting  Energy 
Sources)  of  90-75  may  be  applied.  Other 
proposed  national  standards  will  affect 
building  design  [1]. 

A  second  consideration  is  the  mass  of 
the  building  which  can  exert 
considerable  influence  on  the  building’s 
thermal  behavior.  Studies  have 
indicated  the  beneficial  peak  leveling 
and  carryover  characteristics  of 
properly  designed  building  mass  [15], 

A  third  consideration  is  space 
planning  and  coordinating  space  use 
with  natural  temperature  variations.  The 
planning  of  interior  spaces  and  proper 
temperature  zoning  is  important  for 
energy  conservation  and  especially 
important  in  passive  buildings.  Such 
interior  planning  has  a  significant  effect 
on  the  movement  of  energy  (natural  and 
mechanical)  in  buildings  for  both  the 
heating  and  cooling  seasons  and  the 
maintaining  of  comfort  conditions 
corresponding  with  the  activity  within 
the  spaces.  Spaces  having  minimal 
heating  and  lighting  requirements  may 
serve  as  an  effective  buffer  zone  when 
placed  in  the  north  facing  portion  of  the 
building.  Spaces  having  greater  heating 
and  lighting  requirements  and  more 
frequent  use,  can  benefit  from 
placement  adjacent  to  southern 
exposures.  In  some  passively  designed 
buildings,  the  probability  of  large 
temperature  swings  may  also  affect 
zoning  and  room  placement.  The 
protection  of  entrances  from  winter 
winds  by  the  use  of  a  double  entry  or 
vestibule  can  be  advantageous. 
Reference  (16)  presents  a  number  of 
projects  which  illustrate  design  response 
to  these  needs.  The  need  for  grouping  of 


mechanical  spaces  to  take  advantage  of 
shorter  piping  and  duct  runs  and 
associated  thermal  losses  is  similar  to 
non-solar  buildings  but  potentially  more 
important  in  solar  applications.  Waste 
heat  recovery  and  storage  in  the  thermal 
storage  mass  of  passive  solar  buildings 
is  often  possible.  Which  combination  of 
options  is  chosen  and  how  effective  the 
selection  will  be  is  dependent  on  design 
conditions  and  design  goals. 

1.4  Building/Solar  System  Interaction 

The  adverse  effect(s)  that  a  building 
or  site  might  have  on  solar  H/C/HW 
systems  or  components  and  their 
performance  must  be  considered  in  the 
design.  The  adverse  effect(s)  that  the 
solar  H/C/HW  systems  or  components 
have  on  the  building  or  site  are 
addressed  in  Chapters  2  through  6  as 
appropriate. 

Solar  components  should  be  located 
where  the  potential  for  their  misuse  is 
minimized.  The  proximity  of  system 
components  to  sidewalks  and 
playgrounds  should  be  examined  to 
minimize  potential  misuse  or  vandalism. 

Building  exhausts,  plumbing  vents  or 
other  air  discharge  openings  through 
roofs  or  exterior  walls  should  not  be 
located  such  that  their  emission  will 
cause  the  deposition  of  grease,  lint 
condensation  or  other  deleterious 
materials  on  solar  components, 
especially  apertures  or  collector  glazing, 
/similarly,  solar  components  should  not 
interfere  significantly,  either  physically 
or  aerodynamically,  with  building  vents, 
flues  and  exhausts. 

Interior  items  such  as  rugs,  carpets, 
wall  hangings  and  furniture  which  may 
cover  passive  solar  components  such  as 
thermal  storage,  absorbers  or  apertures 
may  seriously  degrade  the  thermal 
performance  of  these  passive 
components. 

Routine  maintenance  of  the  building 
should  not  have  adverse  effects  on<the 
solar  components,  nor  should  required 
maintenance  of  the  solar  systems  have 
adverse  effects  on  the  building 
components.  Maintenance  of  building 
and  site  and  roof  surfaces  are 
specifically  covered  in  Criteria  6.2.4  and 
6.2.5. 
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Chapter  2. — Thermal 

2.0  Introduction 

This  chapter  sets  forth  the 
requirements  and  criteria  that  determine 
acceptable  thermal  performance  of 
passive  and  active  solar  energy  systems 
in  residential  buildings.  Some  of  die 
criteria  apply  only  to  either  active  or 
passive  systems,  therefore,  a  means  of 
categorizing  systems  by  type  is  required 
for  purposes  of  thermal  analysis. 

Passive  solar  energy  systems  are 
considered  to  be  primarily  part  of  the 
building  structure,  whereas  active  solar 
energy  systems  are  considered  to  be 
part  of  the  mechanical  heating, 
ventilating  and  air  conditioning  (HVAC) 
equipment.  Energy  flows  in  passive 
systems  are  primarily  by  natural  means 
(radiation,  convection,  conduction),  in 
contrast  to  forced  flows  (by  blower  or 
pump)  in  active  systems.  Systems  in 
which  energy  flows  are  accomplished  by 
a  combination  of  natural  and  forced 
means  are  sometimes  referred  to  as 
“hybrid”  although  for  the  purpose  of  this 
document  they  are  considered  passive. 
Passive  solar  energy  systems  are 
distinguished  from  other  elements  of  the 
building  in  that  they  are  capable  of 
controlling  solar  energy  by  blocking, 
transmitting,  absorbing,  reflecting  or 
storing  it  to  provide  space  heating  or 
cooling  as  desired.  Likewise,  active 
solar  energy  systems  are  distinguished 
from  other  mechanical  equipment  in  that 
they  utilize  solar  radiation  as  an  energy 


source.  Conventional  HVAC  equipment 
used  in  conjunction  with  the  active  solar 
energy  system  is  referred  to  as  the 
auxiliary  energy  system  and  is 
considered  to  be  part  of  the  active  solar 
energy  system,  since  the  control 
functions  of  each  are  not  normally 
independent.  The  classification  of  a 
solar  energy  system  as  active  or  passive 
should  be  done  on  the  basis  of  whether 
the  system  consists  primarily  of  building 
elements  or  primarily  of  mechanical 
HVAC  equipment.  See  Reference  [Ij* 
systems.  A  passive  system  may  include, 
in  addition  to  natural  energy  flow, 
mechanical  equipment  for  control  or 
heat  distribution.  An  active  system  may 
include  energy  transport  by  natural 
convection  or  solar  collectors 
incorporated  as  part  of  the  building 
envelope  although  the  system  is 
primarily  mechanical  in  nature. 

Requirements  2.1,  2.2  and  2.3  apply  to 
the  design  of  the  solar  heating,  cooling 
and  hot  water  systems  with  respect  to 
the  ability  of  the  system  to  provide  the 
applicable  functions  at  peak  or  design 
conditions.  Each  criterion  under  these 
sections  represents  a  “spot  check"  of  the 
system  capability  under  selected 
conditions.  The  design  conditions  are 
not  extremes  that  the  system  could 
actually  experience,  but  represent 
normal  probabilities  of  occurrence,  for 
example  the  ASHR AE  97  Yz  percent 
winter  outdoor  design  temperature. 
Passive  solar  energy  systems  (direct 
gain,  mass  wails,  attached  greenhouses, 
etc.)  are  treated  as  building  components 
that  utilize  radiant  solar  energy  to 
modify  the  space  conditioning  energy 
requirements.  Thus,  the  energy  required 
for  the  mechanical  equipment  (including 
the  active  solar  energy  system)  results 
from  exposure  of  the  building,  including 
any  passive  solar  components,  to 
ambient  weather  conditions  such  as 
temperature  and  solar  radiation  while 
maintaining  required  indoor  comfort 
conditions.  For  solar  energy  systems 
that  combine  two  or  more  functions,  for 
example,  a  combined  space  heating  and 
domestic  hot  water  system  with 
common  collectors  and  storage 
components,  it  must  be  shown 
separately  under  the  applicable 
requirements  that  each  function  can  be 
met  at  the  design  conditions. 

Requirements  2.4  through  2.8  apply 
only  to  active  solar  energy  systems 
(including  auxiliary  energy  systems). 
These  sections  define  criteria  that 
individual  components  and  subsystems 
must  meet  certain  minimum  levels  of 
thermal  performance  as  well  as  interact 
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properly  for  efficient  overall  system 
performance.  Space  heating,  space 
cooling  and  domestic  hot  water  system 
components  must  comply  with  the 
requirement  of  these  sections  if  solar 
energy  is  utilized  for  these  purposes  in  a  . 
residential  building.  Thermosiphon  HW 
systems  are  considered  to  be  active  and 
are  included  in  these  sections. 

As  an  alternative  to  meeting  the 
component  and  subsystem  criteria  (2.4 
through  2.8),  the  designer  may  elect  to 
show  compliance  with  a  depletable 
energy  limit  for  the  solar  energy  systems 
(Requirement  2.9).  In  this  case,  a  design 
energy  limit  for  the  amount  of  depletable 
energy  (oil,  natural  gas,  electricity,  coal, 
wood,  etc.)  used  by  the  system  in  one 
year  is  specified  by  the  applicable  ' 
authority.  The  designer  must  show  by 
calculation  that  the  design  energy  use  of 
the  system  over  a  one-year  period  will 
not  exceed  the  specified  design  energy 
limit.  This  approach  is  similar  to  the 
energy  budget  currently  under 
development  by  the  U.S.  Department  of 
Energy  in  their  Building  Energy 
Performance  Standards  (BEPS)  Program 
[2]  except  that  the  energy  limit 
described  herein  applies  only  to  those 
space  conditioning  and  hot  water 
systems  that  utilize  solar  energy 
whereas  BEPS  covers  all  heating, 
cooling  and  hot  water  systems.  The 
“applicable  authority”  as  stated  above 
and  used  throughout  this  chapter  is  the 
person  legally  capable  of  setting  system 
performance  levels.  The  role  of  the 
applicable  authority  must  be  in 
accordance  with  codes  or  a  document 
such  as  the  HUD  Minimum  Property 
Standards  and  BEPS,  when  adopted. 

If  provided  in  the  design,  analysis  of 
both  passive  and  active  solar  energy 
systems  must  be  included  in  the  annual 
energy  use  calculation  in  Requirement 
2.9  The  end  result  is  the  amount  of 
depletable  energy  required  to  be  input  to 
the  mechanical  system  components, 
including  furnaces,  pumps,  blowers, 
motorized  valves  or  other  equipment. 
This  alternative  path  is  provided  to 
allow  for  designer  flexibility  at  the 
component  level  yet  through 
conservation,  passive  solar  components, 
and/or  active  solar  energy  systems, 
achieve  design  energy  use  within  a 
specified  limit. 

In  summary,  to  conform  with  the 
intent  of  this  chapter,  the  solar  space 
conditioning  and  domestic  hot  water 
systems  must  meet  Requirements  2.1,  2.2 
and  2.3  (as  applicable)  and  either 
Requirements  2.4  through  2.8  or 
Requirement  2.9. 

2. 1  Passive  Space  Conditioning 

Requirement.  Passive  solar  heating 
and  cooling  systems,  if  provided,  shall 


be  properly  designed  and  integrated  into 
the  building  to  reduce  the  space 
conditioning  energy  requirements  for  the 
mechanical  system.  Passive  systems 
designed  for  a  particular  function 
(heating  or  cooling)  shall  not  adversely 
affect  the  operation  of  the  mechanical 
system  or  adversely  affect  the 
habitability  of  the  building. 

Commentary.  If  passive  solar  heating 
or  cooling  systems  are  not  provided,  this 
requirement  is  not  applicable. 
Requirements  for  solar  HW  systems  are 
described  in  Requirement  2.3 

Passive  solar  designs  that  utilize  large 
south-facing  windows  to  admit  winter 
sun  for  heating  purposes  can  have  a 
deleterious  effect  on  space  cooling  loads 
or  habitability,  unless  suitable 
precautions  are  taken  to  exclude  solar 
radiation  during  the  cooling  season 
using  such  measures  as  external 
shading,  internal  movable  insulation  or 
venting. 

2.1.1  Net  Solar  Contribution 

Criterion.  Passive  solar  heating 
systems  shall  provide  a  positive  net 
solar  contribution  to  the  fully 
conditioned  space  for  the  month  of 
January. 

Evaluation.  A  daily  energy  balance 
for  the  passive  solar  heating  system 
shall  be  computed  for  an  average  day  in 
January.  The  option  may  be  taken  to 
demonstrate  a  net  solar  contribution  for 
the  entire  heating  season  instead  of  only 
for  the  month  of  January,  to  account  for 
unusual  circumstances  (i.e.  weather 
pattern,  shading,  etc.).  The  gross  solar 
contribution  must  exceed  the  sum  of 
heat  losses  from  the  passive  system  and 
excess  energy  discharges,  if  any,  due  to 
the  system.  The  energy  balance 
calculation  shall  include  either  solar 
radiation  clear  sky  data  from  ASHRAE 
[3],  Chapter  58,  multiplied  by  the  mean 
percentage  of  possible  sunshine. 
Reference  [4J,  for  January  21,  or  average 
daily  solar  radiation  for  the  month  as 
tabulated  in  Reference  [5J  or  Appendix 
A  of  Reference  [6J,  The  solar  radiation 
data  shall  be  adjusted  for  the 
appropriate  tilt  and  azimuth  angles  of 
the  solar  aperture.  Gross  solar 
contribution  may  be  calculated  by 
multiplying  the  total  daily  solar 
radiation  on  the  aperture,  the 
transmittance  of  the  glazing  and  the 
absorptance  of  the  receiving  surface  as 
described  in  ASHRAE  design  heat  gain 
calculation.  Reflection  and  shading  shall 
also  be  considered.  Thermal  energy  loss 
through  the  aperture  may  be  calculated 
using  the  product  o^  surface  area  of  the 
passive  aperture,  the  appropriate  overall 
heat  transfer  coefficient  and  the 
difference  between  70°F  (21°C)  and 
average  daily  outdoor  temperature  for 


the  month  of  January.  Outdoor 
temperature  data  are  widely  available 
and  are  also  included  in  the  above  four 
references.  Mass  storage  wall 
components  such  as  Trombe  walls  or 
water  walls  may  require  more 
comprehensive  analyses  than  given 
above  if  it  is  questionable  whether  they 
meet  the  criterion,  but  the  steady-state 
calculation  should  be  adequate  in  most 
cases  provided  a  rational  basis  for 
estimating  the  storage  wall  exterior 
surface  temperature  is  available.  More 
detailed  calculations  may  be  provided 
by  the  designer. 

Commentary.  Computer  programs  are 
available  for  handheld  calculators  for 
analysis  purposes,  References  [7,  8]  as 
well  as  sophisticated  computer 
programs.  References  [9, 10, 11). 
Reference  [12]  is  a  brief  but 
comprehensive  survey  of  passive  solar 
building  design  computer  programs. 

This  criterion  is  not  intended  to 
prevent  the  use  of  conventional 
windows  that  transmit  solar  radiation 
into  the  residence  but  are  not  a  part  of 
the  passive  solar  heating  system  and  do 
not  give  a  net  solar  contribution. 

South-facing  windows  in  cold 
climates  have  often  been  found  to  be  net 
losers  of  energy  in  the  winter  even 
though  they  transmit  considerable 
quantities  of  solar  energy  during  sunny 
winter  days.  Various  means  can  be  used 
to  increase  the  net  solar  contribution  of 
a  passive  solar  heating  system;  for 
example,  reflectors  to  increase  incident 
solar  radiation,  multiple  glazings  to 
reduce  heat  los  i,  movable  insulation  to 
reduce  night  time  thermal  energy  loss 
and  appropriately  located  mass  to 
absorb  and  store  thermal  energy.  For 
direct-gain  systems,  three  layers  of 
glazing  is  usually  justifiable  in  climates 
of  more  than  5,000  degree-F  days  (2800 
degree-C  days).  Balcomb,  Reference  [6], 
Chapter  E,  provides  discussion  and 
recommendations  for  the  number  of 
glazings,  with  and  without  night 
insulation,  for  applications  in  cities  with 
mild,  moderate  and  severe  climates. 

The  month  of  January  was  chosen  for 
evaluation  because  it  is  coldest  for  most 
locations  in  the  United  States.  If  the 
passive  solar  heating  system  provides  a 
net  solar  contribution  in  January,  it  will 
probably  do  so  for  the  less  severe  winter 
heating  season  months.  A  one-month 
calculation  was  chosen  for  simplicity 
and  to  avoid  the  ambiguity  of  defining 
the  limits  of  the  heating  season.  This  is 
not  intended  to  be  representative  of 
seasonal  thermal  performance,  but  only 
a  check  for  minimum  acceptable 
performance.  Passive  solar  heating 
systems  that  are  net  heat  losers  in  the 
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coldest  month  place  an  undue  burden  on 
the  mechanical  heating  system. 

Vertical  double-glazed  windows 
facing  south  in  Baltimore,  Maryland 
meet  this  criterion  without  night 
insulation.  With  single  glazing,  night 
insulation  having  an  R  value  as  little  as 
R-1  is  needed  to  meet  this  criterion.  In 
Fairbanks,  Alaska,  120  miles  (200  km) 
south  of  the  Arctic  Circle,  triple  glazed 
south-facing  vertical  surfaces  give  a  net 
solar  contribution  in  January  even  with 
no  night  insulation,  but  assuming  some 
feflection  from  snow.  Two  glazings  with 
R-5  night  insulation  also  qualify  with  no 
credit  for  snow  reflection. 

Of  44  HUD  Cycle  5  passive 
demonstration  program  sites,  95  percent 
have  a  calculated  positive  net  solar 
contribution  in  January. 

Determination  of  the  optimum 
aperture  area  involves  a  life-cycle  cost 
analysis  as  described  in  Chapter  H  of 
Reference  [6J. 

The  size  of  the  aperture  may  affect  the 
net  solar  contribution  in  January  if  the 
aperture  area  is  large  enough  (and 
insufficient  storage  is  provided]  so  that 
venting  of  excess  heat  is  required,  since 
discharged  heat  reduces  net  solar 
contribution.  A  given  size  system  that 
provides  a  positive  net  solar 
contribution  will  continue  to  do  so  as 
the  aperture  area  is  increased  until  the 
size  is  reached  where  venting  loss  to 
prevent  overheating  causes  the  net  solar 
contribution  to  become  negative.  A 
passive  solar  heating  component  having 
a  negative  net  solar  contribution  cannot 
be  made  to  have  a  positive  net  solar 
contribution  by  increasing  its  aperture 
area.  Balcomb,  Reference  [6],  Chapter  D, 
gives  rules  of  thumb  for  sizing  solar 
collection  area.  The  range  of  values  is 
different  for  each  location.  It  is 
recommended  that  the  larger  number 
not  be  exceeded  to  prevent  building 
overheating  on  clear  winter  days. 

2.1.2  Thermal  Storage 

Criterion.  Thermal  storage  in  the 
building  mass  or  in  thermally-coupled 
thermal  storage  areas,  when  provided, 
shall  be  sized  and  located  to  effectively 
absorb,  store  and  release  theral  energy, 
reduce  space  temperature  varations  and 
minimize  the  space  conditioning  energy 
requirements  for  the  mechanical  system. 

Evaluation.  Review  drawings, 
specifications  and  calculations. 
Calculations  shall  take  into  account  the 
size  of  the  mass,  location  relative  to 
solar  gain  areas,  forced  or  natural 
convection  of  air  to  and  from  storage 
and  presence  of  insulating  materials 
such  as  carpets  or  hangings  over 
massive  floors  or  walls  that  prevent 
direct  solar  radiation. 


Commentary.  Thermal  storage  is  not 
necessarily  required  for  all  passive  solar 
heating  systems,  but  the  need  for 
storage  depends  on  the  size  of  the 
aperture  relative  to  the  size  of  the 
heated  space.  Generally  30  to  45  BTU/ 

T.  ft^*  (600  to  900  kJ/°C-m*)  based  on 
aperture  area  is  recommended.  The 
lower  eridlaf  the  range  should  be  used 
for  small  aperture  areas  relative  to 
building  size  and  the  upper  end  for  large 
aperture  areas.  Storage  mass  which 
directly  receives  sunlight  will  store  up  to 
four  times  as  much  thermal  energy  as 
mass  which  is  not  in  direct  sunlight,  and 
storage  capacity  should  be  adjusted 
accordingly.  To  prevent  overheating  of 
the  conditioned  space,  it  is  extremely 
important  that  sufficient  thermal  storage 
is  provided  when  the  aperture  area  is 
large.  Venting  of  excess  heat,  instead  of 
redistributing  it  to  remote  storage, 
reduces  the  net  solar  contribution  of  the 
system,  (see  Criterion  2.1.1). 

If  locating  the  storage  so  that  is 
exposed  to  direct  solar  radiation  is  not 
practical,  it  may  be  remotely  located. 

For  large  systems  this  has  the  advantage 
of  distributing  heat  to  other  parts  of  the 
building  and  enabling  a  very  large 
storage.  The  low  temperature  of  heat 
stored  by  this  means,  however,  makes 
air-flow  heat  transfer  back  to  the  living 
space  very  inefficient  and  direct  thermal 
coupling  of  storage  to  space  is  preferred. 
Remote  thermal  mass  charge  by  air  may 
be  effective  for  attached  sunspaces  but 
are  not  advisable  for  direct  gain  systems 
because  of  the  moderate  temperatures  of 
any  available  heat.  Rock  bins  may  be 
located  directly  under  floors  for 
satisfactory  operation.  See  Criteria 
2.5.1-2.5.4  for  further  discussion  of 
isolated  thermal  storage. 

Storage  mass  thickness,  exposed  area, 
location  relative  to  aperture  and 
conditioned  space  and  thermal 
characteristics  not  only  affect  heating 
effectiveness  but  also  have  a 
pronounced  effect  on  space  temperature 
fluctuations.  Reference  [13]  describes 
these  effects  and  Reference  [14J 
provides  procedures  for  predicting  them. 
For  the  direct  gain  zone  in  general, 
massive  surfaces  should  be  relatively 
dark  in  color  and  low  density  surfaces 
should  be  relatively  light.  The  time 
delay  of  thermal  conduction  should  be 
considered  in  determining  the  thickness 
of  passive  storage  mass.  Thermal 
properties,  including  absorptance 
characteristics,  for  commonly  used 
storage  materials  are  given  in  Table  7  of 
the  appendix  of  this  document  as  well 
as  in  Reference  [14]. 

In  direct  gain  situations  and  for  a 
Hxed  quantity  of  thermal  storage  mass, 
spreading  the  mass  over  as  large  an  area 


as  possible  will  maximize  performance 
and  will  minimize  the  thickness  of  the 
mass  layer.  Mass  near  the  surface  is 
more  effective  than  mass  at  a  greater 
depth  because  it  is  more  directly 
coupled  with  the  conditioned  space. 

Floor  slabs  directly  over  dry  earth,  and 
with  perimeter  insulation  only,  will 
likely  have  a  tempering  effect  on  interior 
temperatures  during  long,  cold,  cloudy 
periods,  although  temperatures  may 
drop  somewhat. 

2.1.3  Building  Overheating 

Criterion.  Heat  gain  from  passive 
solar  components  shall  not  cause  the 
instantaneous  dry  bulb  temperature  in 
fully  conditioned  spaces  to  exceed  82°  F 
(28°  C)  or  5°  F  (3°  C)  above  the 
simultaneously-occurring  outdoor  dry 
bulb  temperatrue,  whichever  is  greater, 
if  mechanical  cooling  is  not  provided.  (If 
mechanical  cooling  is  provided,  see 
Criterion  2.1.4.) 

Evaluation.  Review  drawings, 
speciHcations  and  calculations.  Review 
local  weather  data  and  sun  angles. 
Compliance  shall  be  demonstrated  for 
both  the  months  of  July  and  October. 

Commentary.  The  following  three 
methods  might  be  considered  to  prevent 
building  overheating; 

1.  Shading. 

2.  Provision  of  adequate  thermal 
storage. 

3.  Whole-house  ventilation. 

First,  it  may  be  shown  that 

appropriate  shading  devices  are  utilized 
to  prevent  transmission  of  solar 
radiation  affecting  the  fully  conditioned 
space.  Suitable  methods  include  fixed  or 
movable  shades,  movable  insulation  and 
venting  of  semi-conditioned  spaces  such 
as  in  attached  sunspaces  or  the  space 
between  glazings  and  mass  storage 
walls.  In  the  case  of  shading,  the  solar 
apertme  should  be  fully  shaded  from 
three  hours  before  until  three  hours  after 
solar  noon  at  mid  month. 

Reference  [6J,  Appendix  C,  provides 
data  for  determining  monthly  solar 
radiation  on  the  collection  surface, 
considering  factors  such  as  latitude, 
solar  declination  for  the  month, 
overhang,  and  tilt  and  azimuth  of  the 
collector.  Clear  sky  solar  radiation 
values  for  either  the  15th  or  21st 
(whichever  is  available)  of  the  month 
should  be  used. 

Second,  it  may  be  shown  that  thermal 
energy  storage  within  the  space 
effectively  absorbs  and  stores  heat  to 
limit  the  maximum  space  temperature  to 
the  required  value.  An  hourly  simulation 
for  24  hours  should  be  performed, 
considering  such  factors  as  solar 
radiation  transmitted,  the  absorptanc 
of  receiving  surfaces,  placement  and 
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capacity  of  thermal  storage  devices,  and 
timing  and  flow  rate  of  ventilation  air. 
However,  there  is  some  concern  that 
excessive  mass  in  a  building  may 
absorb  internal  heat  gains  and  may 
prevent  the  ability  to  cool  down  living 
spaces  quickly  using  natural  ventilation 
at  nighttime.  Fan-forced  remote  rock  bin 
storage  may  be  used  and  may  avoid  this 
potential  conflict.  Handheld  calculator 
programs  such  as  PEGFIX  [8]  and 
TEANET  [7]  are  adequate. 

Third,  when  the  normal  maximum 
outdoor  temperature  is  above  75  °F  (24 
°C),  it  may  be  shown  that  whole-house 
ventilation  is  provided  and  adequately 
sized  to  maintain  indoor  temperatures 
less  than  5  °F  (3  °C)  above  the 
simultaneously-occurring  outdoor 
temperature.  A  complete  discussion  of 
whole-house  ventilation  effects  is  given 
in  Reference  [15],  pages  73-104. 

Overheating  is  a  potential  problem  for 
passive  solar  heating  systems  designed 
to  provide  heating  during  the  winter. 
Shading  of  the  aperture  is  an  effective 
way  to  prevent  overheating.  Significant 
sources  of  information  for  controlling 
solar  heat  gain  are  in  References  [16] 
Chapter  26,  emd  [17, 18].  Temperatures 
may  rise  in  attached  greenhouses  or 
other  semi-conditioned  spaces  above  the 
outdoor  ambient  temperature.  Venting  of 
these  spaces  will  help  to  control 
temperatures  in  adjacent  fully 
conditioned  spaces.  Vent  area  equal  to 
10  percent  of  the  glazed  area  is  generally 
suggested,  with  outlets  being  slightly 
larger  than  inlets. 

Fixed  shading  devices  designed  to 
shade  at  the  summer  solstice  (about 
June  22nd]  or  in  July  may  not  be 
effective  in  late  summer  or  early  fall  due 
to  lower  sun  angles.  The  month  of 
October  presents  a  particularly  difficult 
design  problem  to  prevent  overheating 
because  of  the  low  sun  angle  combined 
with  relatively  warm  weather  in  many 
climatic  regions.  Various  devices  such 
as  screens,  curtains,  shutters,  reflective 
shades,  blinds,  awnings,  vegetation  and 
especially  adjustable  overhangs  can  be 
effective  in  controlling  solar  radiation. 
The  concern  is  that  these  devices  be 
properly  sized  and  detailed. 

A  method  for  estimating  temperature 
savings  in  direct  gain  spaces  is  given  in 
Reference  [6],  Chapter  F.  Direct  gain 
spaces  are  more  susceptible  to  large 
temperature  variations  than  indirect- 
gain  types  such  as  Trombe  walls  or 
water  walls. 

2.1.4  Mechanical  Cooling  Energy 

Criterion.  The  net  solar  contribution 
from  passive  solar  components  shall  not 
significantly  increase  the  energy 
requirement  of  the  mechanical  space 
cooling  system  relative  to  a  typical  wall 


section  during  a  typical  sunny  July  day, 
if  mechanical  cooling  is  provided. 

Evaluation.  Daily  net  solar 
contribution  to  the  fully  conditioned 
space  shall  be  calculated  for  the  passive 
solar  component  and  for  a  substituted 
conventional  wall  section  for  a  typical, 
sunny  July  day.  The  substitute  wall 
section  shall  have  the  same  heat 
transfer  coefficient  as  other  exterior 
walls  for  85  percent  of  its  area  and  shall 
be  considered  glazed  for  15  percent  of 
its  area.  The  glazed  portion  shall  have  a 
transmissivity  of  6.80  and  a  heat  transfer 
coefficient  of  0/6  Btu.hr°F.ft*  (3.4  W/°C/ 
m^  and  shall  be  considered  to  be  fully 
exposed  to  direct  sunlight  throughout 
the  day.  Average  daily  values  of  outside 
temperature  and  solar  radiation  may  be 
used  in  the  calculations.  Inside 
temperatures  may  be  fixed  at  78  °F  (26 
°C).  Calculation  of  net  solar  contribution 
for  each  case  shall  be  equivalent  in 
detail  to  the  evaluation  procedure  of 
Criterion  2.1.1.  Alternatively,  complete 
shading  of  the  passive  solar  component 
for  three  hours  before  and  after  solar 
noon  shall  be  sufficient  evidence  that 
this  criterion  is  met. 

Commentary.  The  month  of  July  was 
chosen  for  simplicity  and  because  it  has 
the  highest  dry  bulb  temperature  for 
many  locations  in  the  United  States.  The 
alternative  wall  section  parameters  are 
based  on  a  typical  wall  for  conventional 
residences  with  a  double-glazed 
window.  The  net  solar  contribution 
calculation  has  three  components:  (1) 
Total  solar  input,  (2)  heat  transfer 
through  the  solar  components  (including 
infiltration),  which  will  be  from  outside 
to  inside  if  the  daily  outdoor 
temperature  is  above  78  °F  (26  °C),  and 
(3)  ventilation  losses  to  discharge  excess 
heat  gain,  for  example,  venting  of  a 
mass  wall  or  sunspace. 

2.1.5  Thermal  Environmental 
Conditions 

Criterion.  For  fully  conditioned 
spaces,  passive  solar  systems  shall  not 
cause  the  thermal  conditioning  to 
exceed  the  ranges  specified  by  ASHRAE 
55-74R  [19].  The  limits  of  acceptable 
comfort  conditions  that  are  given  in 
ASHRAE  Standard  55-74R  [19]  are 
summarized  in  the  following 
commentary.  Should  there  be  conflict 
between  this  and  Criterion  2.1.3, 
Criterion  2.1.3  shall  prevail. 

Evaluation.  Review  drawings, 
specifications  and  calculations. 
Compliance  shall  be  demonstrated  for 
the  months  of  January,  July  and  October. 
Corresponding  calculations  for  these 
months  as  required  in  2.1.1  and  2.1.3  can 
be  used.  Some  conditions  may  require 
more  detailed  analysis  such  as  the 
effects  of  mean  radiant  temperature. 


Commentary.  The  intent  of  this 
criterion  is  to  assure  reasonable  thermal 
comfort  for  the  occupants  as  well  as 
account  for  thermal  environment 
variations  that  are  appropriate  for  many 
passive  applications.  The  operation  of 
many  passive  systems  are  dependent 
upon  temperature  gradients  to  get 
thermal  energy  into  and  out  of  storage 
and  to  transport  energy  from  one 
location  to  another.  Moderate 
temperature  fluctuations,  approximately 
6  to  8  °F,  outside  the  comfort  zone  may 
be  appropriate  during  non-use  periods 
such  as  night  hours. 

In  addition  to  air  temperature,  the 
thermal  comfort  in  interior  spaces  is 
affected  by  the  temperature  of  interior 
surfaces,  air  velocity  as  well  as  clothing 
characteristics  of  the  occupants.  The 
mean  radiant  temperature  (MRT)  is  as 
important  as  air  tempertature  in 
affecting  heat  loss  and  comfort.  When 
air  movement  is  low,  the  operative 
temperature  is  approximately  the 
average  of  air  temperature  and  MRT.  A 
thorough  discussion  of  these  factors  and 
design  guidelines  are  given  in  ASHRAE 
Standard  55-74R  [19]. 

The  following  comfort  zone 
parameters  are  summarized  from 
Standard  55-74R: 

•  Winer/summer  temperature  ranges: 
winter  68-74.5  °F;  summer  73-79  °F. 
These  temperatures  are  acceptable  by 
80%  of  sedentary  building  occupants  and 
considers  typical  seasonal  clothing. 

•  The  thermal  effect  of  humidity 
(within  the  range  of  30  to  70  RH)  on  the 
comfort  of  sedentary  persons  is  small. 

•  Normal  acceptable  air  movement  is 
30  fpm  (winter]  and  50  fpm  (summer)  but 
it  can  be  extended  in  some  cases  to  160 
fpm. 

•  The  rate  of  cyclic  temperature 
change  should  not  exceed  4  °F/hr  if  the 
peak  to  peak  variation  exceeds  2  °F. 

•  Slow  rates  of  temperaure  change 
(approximately  1  °F/hr)  during  the 
occupied  period  are  acceptable  provided 
the  temperature  during  this  “draft”  does 
not  extend  beyond  the  comfort  zone  by 
more  than  1  °F  and  one  hour. 

•  Asymmetric  radiation  from  hot  and 
cold  surfaces  and  from  direct  sunlight 
can  cause  local  discomfort  and  reduce 
the  thermal  acceptability  level  of  the 
space.  In  general,  people  are  more 
sensitive  to  asymmetric  radiation 
caused  by  a  warm  ceiling  than  caused 
by  hot  and  cold  vertical  surfaces. 

•  To  minimize  foot  discomfort,  the 
surface  temperature  of  the  floor  for 
people  wearing  appropriate  indoor 
footwear  should  be  between  65  °F  and 
84  T. 

Although  the  system  may  be  operated 
by  choice  outside  the  comfort  range,  it 
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should  be  demonstrated  that  the  system 
is  capable  of  providing  these  conditions. 

2.2  Mechanical  Space  Conditioning 

Requirement.  The  mechanical  space 
heating  and  space  cooling  systems, 
which  include  the  active  solar  energy 
and  auxiliary  energy  systems,  shall  be 
capable  of  maintaining  comfortable 
indoor  conditions  during  periods  of 
occupancy  and  automatically  operating 
to  protect  the  building  and  its  contents 
against  damage  due  to  temperature 
extremes  when  the  building  is 
unattended. 

Commentary.  The  mechanical  systems 
must  meet  the  remaining  heating  and 
cooling  energy  requirements  after  these 
requirements  have  been  reduced  by  the 
use  of  passive  solar  techniques,  if 
provided. 

2.2.1  Mechanical  Heating  System  Size 

Criterion.  The  mechanical  (combined 
active  solar  and  auxiliary]  heating 
system  shall  be  capable  of  providing  70 
°F  (21  °C)  in  fully  conditioned  spaces  at 
97%  percent  winter  outdoor  design 
conditions. 

Evaluation.  Review  drawings, 
specifications  and  calculations.  Design 
load  calculation  shall  exclude 
instantaneous  solar  gains  and  internal 
heat  release  from  occupants,  lights  and 
appliances.  A  building  heat  loss 
calculation  procedure  comparable  in 
detail  to  the  method  outlined  by 
ASHRAE  [20]  or  [16],  Chapters  21, 
Infiltration  and  Ventilation,  22,  Design 
Heat  Transmission  Coefficients,  23, 
Weather  Data  and  Design 
Considerations  and  24,  Heating  Load, 
shall  be  used.  For  heat  loss  calculations, 
exterior  thermal  storage  walls 
associated  with  passive  solar 
components  shall  be  assumed  to  be  at 
room  temperature.  The  design  load  may 
be  reduced  by  an  amount  equivalent  to 
the  rate  of  energy  released  from  thermal 
storage  within  the  building  mass  if 
shown  to  be  appropriate  for  the 
historical  frequency  of  occiurence  of 
low  ambient  temperature  and  solar 
radiation.  (These  frequency  distributions 
have  not  yet  been  developed.)  For 
discussion  of  typical  storage  capability 
and  sizing  procedures  see  Reference 
[21].  At  design  load  conditions,  all 
movable  passive  solar  components  shall 
be  considered  to  operate  as  designed. 

Reference  [22]  provides  acceptable 
methods  of  design  of  conventional  space 
heating  systems  that  are  also  useful  for 
solar  energy  systems. 

Commentary.  Although  the  residence 
may  not  be  operated  to  maintain  70  °F 
(21  ®C)  during  any  or  all  of  the  heating 
season,  the  mechanical  system  must  be 
capable  of  meeting  the  design  load 


based  on  these  conditions.  Calculation 
of  the  amount  of  depletable  energy  used 
by  the  system  during  the  heating  season 
need  not  necessarily  be  based  on 
maintaining  70  "F  (21  “C),  but  an  interior 
temperature  specibed  by  the  applicable 
authority  and  should  reflect  current 
trends  in  energy  conservation.  These 
calculations  are  not  required  here  but 
are  addressed  in  Requirement  2.9, 
Alternative  Energy  Limit  Approach. 

Comfort  conditions  combining  the 
effects  of  dry  bulb  temperature,  mean 
radiant  temperature  and  relative 
humidity  are  presented  in  ASHRAE 
Standard  55-74R  [19].  Occupied  spaces 
for  sedentary  activities  in  normal  dress 
are  usually  designed  for  heating  to 
maintain  a  recommended  indoor 
temperature  of  70  °F  (21  “C)  dry  bulb  [17, 
19].  However,  mean  radiant  temperature 
may  be  used  on  an  equal  basis  to 
calculate  comfort  conditions.  Minimum 
and  maximum  temperature  and 
humidity  conditions  are  also  speciEed  in 
ASHRAE  Standard  55-74R  [19].  Spaces 
intended  to  be  used  as  part  of  a  passive 
system  may  be  designed  for  temperature 
fluctuations  compatible  with  their 
functional  use.  Housing  for  the  elderly 
and  care-type  facilities  may  use  other 
indoor  design  temperatures  and  design 
parameters  [22,  23]. 

Chapter  XII  of  Reference  [24]  provides 
a  comprehensive  description  of 
considerations  in  the  design  of  solar 
space  heating  systems.  References  [25, 
26,  27]  describe  some  problems 
encountered  in  heating  system  designs 
in  the  National  Solar  Demonstration 
Program. 

2.2.2  Auxiliary  Heating  System  Size 

Criterion.  The  auxiliary  space  heating 
system  shall  be  sized  and  designed  to 
operate  automatically  to  maintain 
indoor  temperature  at  orvabove  55  °F  (13 
‘C)  in  fully  conditioned  spaces  at  the 
97%  percent  outdoor  winter  design 
conditions  (Reference  [16],  Chapter  23). 
Manually-operated  passive  solar 
components  (such  as  movable  insulation 
but  not  exhaust  vents)  shaU  be 
considered  to  be  left  in  the  maximum- 
heat-loss  position. 

Evaluation.  Review  drawings, 
speciHcations  and  weather  data.  The 
auxiliary  system  must  function 
independently  of  the  solar  energy 
portion  of  the  system,  when  appropriate. 
Refer  to  Criterion  2.2.1  for  calculation  of 
space  heating  load.  For  building  heat 
loss  calculations  see  ASHRAE  [20]  or 
[16],  Chapters  21,  22,  23  and  24. 

ASHRAE  [22]  provides  acceptable 
methods  of  design  of  space  heating 
systems. 

Commentary.  The  auxiliary  space 
heating  system  is  the  part  of  the 


mechanical  system  that  utilizes 
depletable  energy  sources,  rather  than 
solar  energy,  to  meet  the  heating  load. 
The  purpose  of  this  criterion  is  to 
maintain  habitability  and  protection  of 
occupied  spaces  for  periods  when  there 
is  insufficient  solar  energy  to  operate 
the  system  as  designed  and  for  periods 
when  the  solar  heating  system  is  not 
operated  due  to  maintenance  or  repairs. 
Depending  on  the  building  and  space 
heating  system  design,  the  auxiliary 
space  heating  system  may  also  be 
required  to  meet  70  "F  (21  °C)  comfort 
conditions  in  fully  conditioned  spaces 
(see  Criterion  2.2.1).  Spaces  which  may 
not  be  fully  conditioned  and  be 
susceptible  to  temperature  fluctuations 
should  not  contain  elements  which 
might  be  susceptible  to  freezing. 

2.2.3  Cooling  System  Size 

Criterion.  The  mechanical  (combined 
active  solar  and  auxiliary)  space  cooling 
system,  if  provided,  shall  be  capable  of 
providing  temperature  and  relative 
humidity  specifled  by  the  applicable 
authority  in  fully  conditioned  spaces  at 
2%  percent  summer  outdoor  design 
conditions.  Reference  [16],  Chapter  23. 

Evaluation.  Review  design  climatic 
conditions,  design  indoor  comfort 
conditions  and  cooling  load 
calculations.  A  building  cooling  load 
calculation  procedure  comparable  in 
detail  to  the  method  outlined  in 
Reference  [16],  Chapters  21,  22,  23  and 
25  or  Reference  [20]  shall  be  used.  The 
design  load  may  be  changed  due  to  the 
operation  of  passive  solar  components 
such  as  shading  devices  and  movable 
insulation  and  due  to  thermal  storage 
within  the  building  mass  if  justified  by 
statistical  analysis  of  weather  patterns. 
For  one-  or  two-family  residences,  the 
design  load  may  be  calculated  using  the 
simplified  procedure  described  in 
Reference  [16],  Chapter  25,  However,  the 
design  load  shall  include  all  sensible 
and  latent  heat  load  from  all  solar 
energy  system  equipment.  Most  cooling 
calculations  require  consideration  of 
indoor  temperature  and  humidity  and 
the  applicable  authority  should  establish 
limits  for  these  factors. 

Commentary.  The  space  cooling 
system,  if  provided,  must  maintain 
comfort  conditions  when  passive  solar 
components  for  space  heating  and/or 
mechanical  components  for  water 
heating  are  operated  as  designed. 
Reference  [22],  Section  I,  provides 
recommended  design  criteria  for 
conventional  space  cooling  systems  that 
are  also  useful  for  solar  space  cooling 
applications.  Chapter  XIII  of  Reference 
[24]  provides  a  description  of  several 
methods  that  directly  utilize  solar 
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energy  for  space  cooling.  Reference  [25] 
describes  some  generic  system  problems 
encountered  wiUi  space  cooling  system 
designs  bom  the  National  Solar 
Demonstration  Program  and  Reference 
[28]  provides  a  summary  of  measured 
thermal  performance  of  several  of  the 
instrumented  space  cooling  systems. 

Air  conditioning  equipment  utilizing 
conventional  energy,  ambient  air, 
ground  sink  or  stored  thermal  energy 
may  be  used  in  conjunction  with  the 
solar  system  in  an  assist  or  auxiliary 
mode.  The  use  of  evaporation,  nocturnal 
radiation,  desiccant  cooling  or  other 
passive  techniques  should  be  designed 
to  operate  in  conjunction  with  devices 
that  collect,  store  or  distribute  the 
converted  thermal  energy  in  a 
controllable  manner. 

Occuped  spaces  for  sedentary 
activities  in  normal  dress  are  usually 
designed  for  cooling  to  maintain  a 
recommended  indoor  temperature  of  75 
°F  (24  “C)  [19,  23].  Minimum  and 
maximum  temperatures  are  also 
specified  in  the  ASHRAE  Standard  55- 
74R  [19].  Indoor  design  temperatures 
have  not  been  specified  in  this  criterion 
because  they  vary  depending  on  when 
and  how  a  space  is  used.  Spaces 
intended  to  be  used  as  part  of  a  passive 
system  may  be  designed  for  temperature 
fluctuations  compatible  with  their 
functional  use.  Buildings  with  special 
functional  requirements  such  as  care- 
type  facilities  and  housing  for  the 
elderly  may  use  other  indoor  design 
temperatures  and  design  parameters  [19, 
23]. 

2.2.4  Auxiliary  Cooling  System  Size 

Criterion.  The  auxiliary  cooling 
system,  if  provided,  shall  be  capable  of 
providing  temperature  and  relative 
humidity  specified  by  the  applicable 
authority  in  fully  conditioned  spaces  at 
ZVz  percent  summer  outdoor  design 
conations.  Reference  [16],  Chapter  23. 

Evaluation.  Review  drawings, 
specifications  and  calculations.  Design 
cooling  load  and  system  design 
procedure  shall  be  equivalent  to  that  in 
Criterion  2.2.3  except  the  interior 
temperature  and/or  relative  humidity 
requirements  may  be  less  stringent  for 
the  auxiliary  cooling  system.  For 
building  cooling  load  calculations,  see 
ASHRAE  [16],  Chapters  20,  21,  23  and  24 
or  ASHRAE  [20]. 

Commentary.  No  auxiliary  cooling 
system  is  required  unless  specified  by 
the  applicable  authority. 

2.3  Domestic  Hot  Water 

Requirement.  The  combined  solar  and 
auxiliary  domestic  hot  water  system 
shall  efficiently  utilize  solar  energy  to 
reduce  the  consumption  of  depletable 


energy  while  providing  domestic  hot 
water  at  required  temperatures  and 
delivery  rates. 

Commentary.  Domestic  hot  water 
systems  may  be  passive  or  mechanical 
type  (including  thermosiphon  collection 
loops).  Passive  design  may  be  as  simple 
as  a  dark  color  water  tank  exposed  to 
solar  radiation  and  enclosed  by  an 
insulated  box  with  a  transparent  cover. 
Frequently,  movable  insulation  is  used 
as  a  nighttime  cover  to  reduce  heat 
losses.  Mechanical  systems  are 
designated  by  type  of  solar  collection 
jfluid  and  type  of  freeze  protection.  For 
example,  pumped  vs.  thermosiphon 
flow,  direct  vs.  indirect  heat  exchange 
with  collectors,  or  water  vs.  antifreeze 
systems. 

If  the  solar  domestic  hot  water  system 
is  combined  with  a  solar  space 
conditioning  system,  this  requirement 
applies  to  the  combined  system  to  the 
extent  sufficient  to  show  that  the 
domestic  hot  water  function  is  met. 

2.3.1  Temperature 

Criterion.  The  hot  water  system 
(combined  solar  and  auxiliary]  shall  be 
capable  of  providing  hot  water  at  a  tap 
temperature  up  to  140°F  (60°C),  except  in 
housing  for  the  elderly  and  care-type 
facilities,  for  which  hot  water 
temperatures  are  specified  in  Section 
615-6.1  of  MPS  4910.1,  [29]  and  MPS 

4920.1  [30]. 

Evaluation.  Review  drawings, 
specifications  and  calculations. 

Commentary.  See  Criterion  4.3.4  for 
health  and  safety  related  provisions. 

2.3.2  Daily  Water  Use  Rate. 

Criterion.  The  hot  water  system  shall 
be  designed  to  provide  daily  hot  water 
usage  for  single  family  and  multifamily 
dwellings  of  up  to  20  units  based  on  20 
gal/day  (76  L/day)  per  person  for  the 
first  two  persons  and  15  gal/day  (57  L/ 
day)  for  each  additional  person  with  a 
minimum  usage  of  40  gal/day  (150  L/ 
day).  Daily  hot  water  usage  for  each 
dwelling  unit  in  a  larger  multifamily 
building  shall  be  based  on  40  gal/day 
(150  L/day)  for  buildings  having  21  to 
200  units  and  35  gal/day  (130  L/day)  for 
buildings  having  over  200  units  [16]. 

Evaluation.  Review  drawings, 
specifications  and  calculations.  This 
criterion  may  be  met  by  storage  of  a 
sufficient  quantity  of  hot  water  such  that 
the  combination  of  storage  volume  and 
temperature  will  provide  the  stated 
daily  usage  at  the  tap  temperature  given 
in  Criterion  2.3.1.  Heat  losses  from  the 
storage  container  and  distribution  losses 
must  be  subtracted  from  the  stored 
energy  to  determine  the  net  quantity  of 
hot  .water  available  for  use  at  the  tap. 
Energy  in  solar  storage  containers 


(heated  only  by  solar  energy  and  not  by 
auxiliary  energy)  may  not  be  included  in 
the  daily  usage  total  unless  justification 
is  provided  based  on  historical  solar 
radiation  data. 

Commentary.  Auxiliary  heaters  may 
be  provided  having  a  recovery  rate  (per 
hour)  equal  to  the  total  daily  usage  rate 
instead  of  storage. 

2.3.3  Hourly  Recovery  Rate 

Criterion.  The  hot  water  system  shall 
be  capable  of  providing  hot  water  at 
draw  and  recovery  rates  as  shown  in 
Tables  6-15.2  and  6-15.3  of  HUD 
Minimum  Property  Standards  [31]  or 
Chapter  37  of  ASHRAE  Systems 
Handbook  [22]  for  multifamily  as  well 
as  care  type  facilities. 

Evaluation.  Review  drawings, 
specifications  and  calculations. 

2.3.4  Auxiliary  Water  Heating  System 

Criterion.  The  auxiliary  water  heating 
system  ^all  be  capable  of  providing  100 
percent  of  the  hot  water  temperature 
and  recovery  rates  specified  in  Criteria 

2.3.1  and  2.3.3. 

Evaluation.  Review  of  drawings, 
specifications  and  calculations. 

Commentary.  Most  well-designed 
solar  hot  water  systems  provide  over 
half  of  the  annual  hot  water  energy 
requirements  with  solar  energy.  On  an 
homly  basis,  however,  there  are  many 
times  when  these  systems  must  operate 
with  no  available  solar  energy,  such  as 
at  night  or  cloudy  days.  Therefore,  the 
auxiliary  heating  system  must  be 
capable  of  meeting  the  hourly  loads. 
Domestic  hot  water  solar  storage 
containers  sized  for  several  days  of 
storage  are  not  recommended.  Large 
storage  relative  to  collector  area  can 
prevent  achieving  of  usable  temperature 
as  well  as  causing  excess  heat  losses. 
Even  a  very  well  insulated  solar  storage 
container  of  extremely  large  capacity 
will  seldom  get  sufficiently  hot,  thus 
requiring  auxiliary  energy  to  boost  the 
water  temperature  to  the  set 
temperature. 

2.4  Collector  Array  Performance 

Requirement  The  solar  collector 
array  shall  be  capable  of  absorbing 
solar  radiation  and  converting  it  into 
useful  thermal  energy  for  providing  the 
functions  of  space  heating,  space  cooling 
and/or  domestic  water  heating. 

Commentary.  Typical  values  for  the 
ratio  of  actual  collected  solar  energy  to 
theoretical  collected  energy  using 
collector  test  data  are  given  in 
Reference  [32].  Array  performance 
reduction  of  less  than  10  percent  relative 
to  individual  collector  panel  test  data 
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values  can  be  expected  in  well-designed 
systems. 

2.4.1 

Collector  Orientation 

Criterion.  The  collector  array  shall  be 
positioned  so  that  the  seasonal/annual 
incident  solar  radiation  per  unit  area 
shall  not  be  signibcantly  less  than  the 
seasonal/annual  incident  solar 
radiaition  on  a  reference  collector  array 
at  optimum  collector  orientation  with  no 
shading,  except  where  special 
circumstances  require  non-optimum 
orientation. 

Evaluation.  Collector  orientation 
factors  are  given  for  converting 
radiation  on  a  horizontal  surface  in 
Chapter  3  of  Reference  [33]. 

Examination  of  solar  radiation  for  the 
geographic  location,  orientation  of 
collector  array,  shading  (external 
shading  and  self-shading  by  other 
collectors  in  the  array]  and  building 
shape  and  orientation. 

Commentary.  Retrofit  situations  may 
result  in  deviation  from  thermally 
optimum  orientation.  Typically,  annual/ 
season  incident  solar  radiation  should 
not  be  less  than  80  percent  of  the 
radiation  that  would  be  received  at  the 
optimum  orientation.  In  general, 
collectors  should  face  due  south  and 
have  a  tilt  angle  equal  to  (a)  local 
latitude  for  water  heating  only  or  for 
combined  space  heating  and  cooling,  (b) 
local  latitude  minus  15  degrees  for  space 
cooling  only,  and  (c)  local  latitude  plus 
15  degrees  for  space  heating  only  or 
combined  space  and  water  heating. 
High-rise  buildings  with  small  roof  areas 
or  unfavorable  building  orientation  may 
require  special  architectural  integration 
and  preclude  thermally-optimum 
orientation,  yet  these  systems  may  be 
technically  and  economically 
appropriate.  Tilt  deviations  of  -f  15° 
from  die  above  values  and  deviations  of 
20°  east  and  30*  west  of  true  south  will 
not  likely  decrease  performance  by 
more  than  10  percent.  Local  conditions 
such  as  shading  or  fog,  or  the  particular 
advantages  of  emphasizing  morning  or 
afternoon  gain  should  be  considered. 

2.4.2  Panel  Performance  in  Array 

Criterion.  An  individual  collector 
panel  in  the  array  shall  not  operate  at 
significantly  less  efficiency  than  the  test 
efficiency  curve  due  to  differences 
between  test  and  actual  operating  fluid 
flow  rate  and  fluid  properties. 

Evaluation.  Procedures  equivalent  in 
accuracy  to  ASHRAE  Standard  93-77, 
Reference  [34],  shall  be  used  to 
determine  collector  test  efficiency 
curves.  Post-stagnation  test,  as  given  in 
Section  10  of  the  Appendix  ' 


(modification  of  test  in  NBSIR  78-1305A) 
[35],  is  required.  Calculation  of  flow  rate 
through  the  lowest-flow  panel  is 
required.  Hydraulic  and  thermal 
calculations  shall  be  made  for  the 
condition  of  normal  total  flow  rate 
through  the  array.  Consideration  must 
be  taken  for  turbulent/laminar  flow  in 
the  collectors  and  manifolds,  fluid 
properties  and  array  configuration. 
Reference  [36],  page  148,  may  be  used  to 
determine  loss  in  efficiency  due  to  flow 
rate  and  fluid  property  changes  for  a 
typical  liquid  collector.  Reference  [37] 
gives  the  effect  of  flow  rate  on  a  tj^ical 
air-type  collector  and  also  gives  typical 
collector  efficiency  ciu^es.  Internal 
manifolding  of  collector  panels  in  an 
array  may  increase  efficiency  relative  to 
single-panel  tests  by  reducing  edge 
losses. 

Commentary.  The  middle  collectors  in 
parallel  arrays  tend  to  have  reduced 
flow  and  therefore  run  hot.  To  alleviate 
this,  a  high  ratio  of  pressure  drop  across 
any  panel  to  the  pressure  drop  across 
the  manifold  is  required.  The  minimum 
flow  through  a  panel  is  important  but  it 
is  not  necessary  to  have  balance  of  flow 
to  all  collectors  in  the  array.  In  large 
arrays  (larger  than  single  family 
applications],  acceptable  flow  variations 
may  be  as  great  as  3  to  1  in  individual 
collectors,  while  maintaining  required 
minimum  flow  in  the  lowest-flow 
collector  panel. 

Too  many  collectors  in  series 
increases  inlet  temperature  of  the  latter 
collectors  and  should  be  avoided. 
Experimental  studies.  Reference  [67],  of 
the  influence  of  flow  rate  and  fluid  type 
in  a  broad  class  of  flat  plate  collectors 
resulted  in  thermal  performance 
variations  of  up  to  10  percent. 

2.4.3  Array  Manifold  Enei^  Loss 

Criterion.  During  normal  operating 
conditions,  heat  loss,  including  that  due 
to  air  leaks  (infiltration  or  exfiltration) 
from  the  collector  array  manifolds  and 
piping  within  the  collector  array  shall 
not  exceed  15  percent  of  the  solar 
energy  collection  rate. 

Evaluation.  Review  drawings  and 
specifications.  Examination  of  insulation 
properties,  air  leaks  in  the  system  and 
typical  collection  fluid  operating 
temperature. 

Commentary.  Heat  loss  from  internal 
manifolds  and  within  individual 
'Collector  panels  is  taken  into 
consideration  in  the  panel  performance 
(Criterion  2.4.2]  and  is  not  included  in 
this  criterion. 

Typical  heat  loss  levels  that  have 
been  achieved  in  the  National  Solar 
Demonstration  Program  are  less  than  10 
percent  of  the  solar  energy  collection 
rate  for  liquid  systems  and  15  percent 


for  air  systems.  Air  leakage  from  ducts 
can  significantly  increase  thermal 
energy  loss  (see  Criterion  3.3.4  for 
specification  of  allowable  air  leakage). 
There  is  evidence  that  maintaining  a 
slight  negative  pressure  in  the  collector 
array,  resulting  in  air  infiltration,  may  be 
more  beneficial  as  compared  to  air 
leakage  from  the  array.  Reference  [38] 
provides  a  simple  analytical  technique 
for  analyzing  the  thermal  effects  of 
collector  air  leakage.  A  similar 
procedure  for  analyzing  the  effect  of 
heat  loss  fix)m  collector  supply  and 
return  ducts  or  pipes  on  system 
performance  is  described  in  Reference 
[39].  Chapter  9  of  Reference  [40] 
recommends  suitable  insulation  type 
and  thickness  for  collector  array 
manifold  pipes  and  ducts.  Reference  [41] 
describes  methods  for  determination  of 
economically  optimum  insulation 
thickness. 

2.4.4  Heat  Loss  During  Non-Collection 
Periods 

Criterion.  Heat  loss  from  the  collector 
array  during  times  other  than  normal 
operating  conditions  shall  not  exceed  10 
percent  of  the  design  monthly  collected 
solar  radiation  in  the  month  of  January. 

Evaluation.  Heat  loss  due  to 
thermosiphoning,  capacitance  effects 
and  freeze  protection  shall  be  evaluated 
separately.  Check  valves  or  backdraft 
dampers  must  be  present  to  prevent 
reverse  thermosiphoning  when  the 
collectors  are  colder  than  storage,  if 
collector  are  above  storage,  remain 
filled  and  the  configuration  permits 
thermosiphoning.  When  the  collection 
fluid  remains  in  the  collector  during  non¬ 
operation,  daily  heat  loss  due  to 
capacitance  effects  may  be  calculated  to 
be  the  product  of  fluid  mass  in  the 
collector  and  exterior  piping  or  ducts, 
fluid  heat  capacity  and  ffie  difference 
between  the  temperature  of  the  hot  fluid 
at  the  time  of  system  shutdown  and  the 
temperature  to  which  it  cools  (normal 
ambient  low  for  the  month  of  January). 

Heat  loss  due  to  freeze  protection 
(draindown,  fluid  circulation,  etc.)  shall 
be  calculated  for  an  average  day  in 
January  and  compared  with  solar  energy 
collected  during  die  same  24-hour 
period.  If  circulation  of  liquid  firom 
storage  is  used  as  the  freeze  protection 
method,  heat  loss  from  collector  and 
exterior  piping  shall  be  calculated  for 
the  length  of  time  liquid  is  circulated. 
Calculations  shall  consider  ambient 
temperature,  storage  temperature, 
insulation  of  pipes  and  heat  loss  factor 
of  collector  (FrU  J.  The  time  Tor  freeze 
control  circulation  shall  be  calculated 
based  on  control  strategy,  length  of  day, 
percent  possible  sunshine  and  statistical 
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ambinet  temperature  data.  Reference  [4] 
gives  mean  number  of  days  having 
minimum  temperature  of  32°F  (0°  C)  and 
below  for  the  month  of  January  for 
various  locations.  Energy  loss  due  to 
other  methods  and  freeze  protection 
such  as  heat  tapes  shall  be  included. 

Commentary,  some  collector  designs 
reduce  the  possibility  of  heat  loss  due  to 
reverse  thermosiphoning;  for  example, 
those  having  inlet  and  outlet  at  the  same 
elevation.  Draining  of  all  liquid  from 
collector  and  exterior  piping  to  the 
storage  tank  when  energy  is  not 
available  (collector  drain  back  system) 
eliminates  heat  loss  due  to 
thermosiphoning,  capacitance  and 
freeze  protection  and  is  recommended 
for  many  applications.  The  effect  of 
leaking  dampers  in  air-type  systems  is 
discussed  in  Reference  [42].  Leakage  of 
dampers  which  serve  to  isolate  the 
collector  loop  from  the  rest  of  the 
system  should  be  limited  to  two  to  five 
percent.  Spring  loaded  check  valves 
should  be  considered  for  preventing 
thermosiphoning  in  liquid  systems.  See 
Criteria  3.2.9  and  3.3.3.  The  non¬ 
collection  period  addressed  in  this 
criterion  does  not  include  shutdown. 

2.4.5  Energy  Rejection 

Criterion.  If  energy  rejection  is 
provided  for  in  the  design,  the  collectors 
shall  be  capable  of  rejecting  energy  at 
the  required  rate. 

Evaluation.  Review  drawings, 
specifications,  collector  heat  loss  test 
and  calculations.  Collector  heat  loss  rate 
may  be  estimated  using  the  slope  of  the 
ASHRAE  93-77  [34]  test  efficiency 
curve.  The  effect  of  the  collector  loop 
heat  exchanger  must  be  considered. 

Commentary.  The  use  of  the  slope  of 
the  ASHRAE  93-77  thermal  efficiency 
curve,  FrUl  when  multiplied  by  the 
collector  area  and  difference  between 
ambient  and  fluid  temperatures,  will 
give  conservative  value  of  heat  rejected, 
and  is  satisfactory  for  design  purposes. 
More  accurate  [and  higher)  values  of 
heat  rejected  may  be  calculated  using 
more  refined  analyses,  including  the 
effective  temperature  of  the  night  sky, 
since  higher  losses  would  be 
experienced  at  night  than  during  the 
daytime  when  the  ASHRAE  93-77  curve 
is  determined.  Efficient  solar  collerctors 
are  inherently  inefficient  heat  rejectors, 
especially  designs  utilizing  selective 
absorbing  surfaces,  double  glazing  or 
evacuated  tubes.  It  is  difficult  to  reject 
at  night  the  amount  of  heat  collected 
during  a  typical  sunny  day;  therefore, 
special  heat  rejection  panels  may  have 
to  be  incorporated  into  the  collector 
array. 


2.4.6  Collector/Storage  Combination 

Criterion.  Collector/ storage 
combinations  shall  collect  or  dissipate 
energy  at  the  design  rate. 

Evaluation.  Review  drawings, 
specifications,  test  data  and 
calculations. 

Commentary.  Collector/ storage  • 
combinations  can  be  packaged  systems 
designed  to  be  placed  adjacent  to  a 
house  and  filled  with  storage  materials 
such  as  rocks  or  can  be  built  in  place. 
Trombe  walls  and  similar  passive 
components  are  not  covered  under  this 
criterion  [see  Criterion  2.1.1).  for 
packaged  systems,  it  is  recommended 
that  test  data  be  developed  in 
accordance  with  the  procedures  given  in 
Reference  [43]. 

2.5  Thermal  Storage  Performance 

Requirements.  The  thermal  storage 
subsystem  shall  be  capable  of  efficiently 
accepting  thermal  energy,  storing  it  and 
releasing  it  to  satisfy  partially  or  fully 
the  space  heating,  space  cooling  and/or 
hot  water  load. 

Commentary.  If  thermal  storage  is  not 
provided,  this  requirement  is  not 
applicable.  Refer  to  Criterion  2.8.2  for 
information  concerning  the  size  of 
thermal  storage  and  its  effect  on  system 
performance. 

2.5.1  Thermal  Energy  Loss 

Criterion.  Thermal  energy  loss  from 
thermal  storage,  including  loss  due  to  air 
leakage  [in  or  out)  shall  not  exceed  15 
percent  of  the  energy  input  to  the 
storage  subsystem  for  those  months  in 
which  the  load  exceeds  the  collected 
solar  energy. 

Evaluation.  Review  drawings, 
calculations  and  specifications. 
Examination  of  conductive  heat  loss 
through  insulation,  losses  through 
storage  container  structural  supports 
and  losses  due  to  air  leakage. 

For  other  than  domestic  hot  water 
storage  only  and  when  such  heat  loss 
does  not  have  adverse  effect  on  the 
cooling  load,  thermal  energy  losses  that 
can  be  traced  directly  to  heated  spaces 
and,  therefore,  reduce  the  heating  load 
are  not  required  to  be  included  in  the  15 
percent  limitation. 

Commentary.  Specification  of 
allowable  air  leakage  from  thermal 
storage  containers  is  given  in  Criterion 
3.3.4.  Storage  containers  for  air  systems 
should  be  sealed  in  accordance  with 
Criterion  3.3.2.  See  also  Criterion  3.1.3 
for  coverage  on  insulation. 

Typical  measured  values  in  the 
demonstration  program  show  heat  loss 
as  low  as  five  percent  of  the  energy 
input  to  storage,  during  the  heating 
season.  Reference  [44],  Section  S-615- 


7.3.4,  requires  for  residences  that  “the 
thermal  energy  loss  from  storage 
containers  located  outside  the  heated 
dwelling  shall  not  exceed  10  percent  of 
the  maximum  operating  thermal  energy 
capacity  over  an  average  24-hour  winter 
design  day,"  and  Reference  [40],  Section 
9.5,  limits  heat  loss  to  two  percent  of  the 
stored  energy  over  a  12-hour  period 
unless  heat  loss  will  supplement  the 
space  heating  requirement.  Reference 
[21],  page  19,  gives  a  simple  calculation 
procedure  for  determing  the  required 
insulation  to  limit  heat  loss  to  two 
percent  in  12  hours.  If  thermal  losses 
from  storage  are  maintained  at  the 
levels  specified  by  this  criterion,  the 
adverse  effect  on  the  cooling  load  during 
any  summertime  operation  should  be 
acceptably  low. 

2.5.2  Thermal  Stratification 

Criterion.  Thermal  stratification  in  the 
storage  subsystem  shall  be  promoted  to 
reduce  inlet  temperature  to  collectors 
and  increase  temperature  to  loads. 

Evaluation..  Review  drawings  and 
specifications.  Examination  of  geometry 
of  storage  container,  location  of  inlets 
and  outlets,  velocity  of  heat  transfer 
fluid,  presence  of  baffles  and  use  of 
multiple  storage  containers. 

Commentary..  Thermal  stratification  in 
the  storage  container  is  usually 
desirable  in  order  to  provide  low 
collector  inlet  temperatures  and  to 
provide  high  temperatures  to  load  or 
equipment.  Consideration  should  be 
given  to  trade-offs  between 
stratification  and  heat  losses  from  a 
second  tank  in  the  case  of  solar  water 
heaters.  F-CHART  [33]  assumes  fully 
mixed  storage,  however,  improved 
thermal  performance  may  be  achieved 
in  practice  with  stratified  storage. 

The  thermal  performance  of  a  well- 
insulated  tank  in  the  demonstration 
program  was  improved  greatly  by 
eliminating  short-circuiting  from  inlet  to 
outlet  by  mans  of  baffles. 

In  single-tank  HW  systems,  the 
electrical  heating  element  should  be 
placed  at  approximately  the  upper  third 
of  the  tank  to  promote  stratification. 
Short-circuiting  of  water  flow  paths 
between  the  inlet  and  outlet  of  storage 
should  be  prevented.  Reference  [45] 
describes  the  efiect  of  stratification  by 
use  of  mathematical  models. 

2.5.3  Charging  Rate. 

Criterion.  When  the  thermal  storage 
subsystem  is  fully  discharged,  it  shall  be 
capable  of  absorbing  thermal  energy  at 
a  rate  equal  to  the  rate  of  solar  energy 
collection  at  solar  noon  on  a  clear  day 
when  ambient  temperature  is  equal  to 
its  average  annual  value. 


Federal  Register  /  Vol.  46,  No,  121  /  Wednesday,  June  24,  1981  /  Notices' 


32755 


Evaluation.  Review  drawings  and 
specifications.  Examination  of  heat 
transfer  surface  area,  thermal 
conduction  and  convection  coefficients 
within  the  storage  container  based  on 
flow  rates  and  heat  transfer  fluid 
properties  and  storage  medium  thermal 
properties.  Reference  [48]  gives  a 
procedure  for  measuring  charging  rate. 

Commentary.  During  conditions  of 
depleted  storage,  solar  energy  will  be 
wasted  or  collection  efficiency  will  be 
decreased  if  the  storage  charging  rate  is 
too  low.  Insufficient  heat  transfer  area  is 
the  most  likely  cause  of  too  low  charging 
rate.  In  rock  storage  bins,  clean,  round 
rock  of  relatively  uniform  size  in  the 
range  of  %"-3"  diameter  is 
recommended.  Dry  sand  is  a  poor 
conductor  of  heat  and  is  usually  not 
recommended.  Rock  storage  should 
have  air  flow  through  it  and  not  depend 
on  conduction  of  heat  between  the 
rocks,  which  are  also  poor  conductors. 

Due  to  the  low  temperatures 
encountered  in  residential  solar  energy 
systems,  much  larger  heat  exchangers 
are  required  than  for  conventional 
systems.  Several  design  guides 
(References  [46]  and  [47]]  contain  useful 
guidance  on  sizing  heat  exchangers  for 
solar  energy  applications. 

2.5.4  Discharging  Rate 

Criterion.  When  the  thermal  storage 
subsystem  is  fully  charged,  it  shall  be 
capable  of  releasing  stored  thermal 
energy  at  a  rate  sufficient  to  avoid  using 
auxiliary  energy  to  satisfy  the  load. 

Evaluation.  Review  drawings  and 
specifications.  Examination  of  solar 
fraction  of  load  designed  to  be  met  by 
stored  energy,  auxiliary  energy  capacity, 
heat  exchanger  area,  thermal  properties 
and  heat  transfer  fluid  flow  and 
properties.  Examination  of  condition  of 
no  collectable  solar  energy  but  high 
load. 

Commentary.  If  the  system  is 
designed  to  provide  a  high  solar 
fraction,  the  discharging  rate  should  be 
equal  to  the  design  load  when  storage  is 
fully  charged.  See  terminology  for 
definition  of  solar  fraction. 

Too  low  discharging  rate  will  impair 
system  performance  by  requiring  excess 
auxiliary  energy  to  be  used  and  keeping 
stored  energy  longer,  which  allows 
greater  thermal  storage  losses. 

Reference  [48]  gives  procedures  for 
determining  the  storage  discharging  rate. 

2.5.5  Addition  of  Auxiliary  Energy  to 
Thermal  Storage 

Criterion.  Addition  of  auxiliary  energy 
to  the  thermal  storage  subsystem  shall 
not  significantly  reduce  the  collected 
solar  energy  or  increase  the  heat  loss 
from  the  storage  container,  except 


where  special  circumstances  justify  non¬ 
optimum  design. 

Evaluation.  Review  of  drawings  and 
specifications.  Examination  of  system 
configuration,  control  logic,  storage 
configuration,  location  of  inlets  and 
outlets,  and  stratification. 

Commentary.  The  addition  of 
auxiliary  heat  to  thermal  storage 
containers  can  severely  decrease 
collection  efficiency  by  increasing 
collector  inlet  temperature. 

It  is  advisable  to  keep  the  solar  and 
auxiliary  subsystems  separate  and  in 
parallel  if  possible.  Auxiliary  energy 
may  be  added  to  thermal  storage  if  done 
in  such  a  way  as  to  preserve  thermal 
stratification  in  the  storage,  for  example, 
in  the  case  of  single-tank  solar  hot  water 
systems.  Addition  of  auxiliary  heat  to 
thermal  storage  may  be  justified  based 
on  storage  of  off-peak-generated  energy. 

See  Criterion  2.5.2  for  discussion  of 
stratification. 

2.6  Energy  Transport  Performance 

Requirement.  The  energy  transport 
system  shall  be  capable  of  efficient 
transfer  of  thermal  energy  among  or 
between  the  various  components  and 
systems. 

2.6.1  Thermal  Energy  Loss 

Criterion.  Under  normal  operating 
conditions,  thermal  energy  loss  from  the 
energy  transport  system  shall  not 
exceed  15  percent  of  the  energy  to  be 
transported. 

Evaluation.  Review  drawings, 
specifications  and  calculations.  An 
instantaneous  calculation  of  energy  loss 
shall  be  performed  considering 
insulation  thickness  and  conductivity 
value  on  pipes  and  ducts,  pipe  or  duct 
hangers  or  other  thermal  “shorts,” 
insulation  of  pumps,  blowers,  heat 
exchangers,  location  of  blower  motors 
(inside  or  outside  of  air  stream],  and  air 
leaks  from  ducts  and  air  handling  units. 

For  other  than  domestic  hot  water 
systems  and  when  such  heat  loss  does 
not  have  adverse  effect  on  the  cooling 
load,  thermal  energy  losses  that  can  be 
traced  directly  to  heated  spaces  and. 
therefore,  reduce  the  heating  load,  are 
not  required  to  be  included  in  the  15 
percent  limitation. 

Specification  of  allowable  air  leakage 
from  the  primary  solar  duct  system  is 
given  in  Criterion  3.3.4. 

Commentary.  This  criterion  does  not 
apply  to  the  distribution  system  within 
the  conditioned  space  (see  Reference 
[23],  Sections  5.10  and  5.11  for  pipe  and 
duct  insulation  guidelines).  Typically, 
heat  loss  should  be  less  than  5  percent 
of  the  energy  transferred  for  liquid 
systems,  and  10  percent  for  air  systems 
under  normal  operating  conditions. 


Collector-to-storage  losses  for  systems 
in  the  Federal  demonstration  program 
are  as  low  as  three  percent  of  the 
collected  solar  energy.  Reference  [49] 
discusses  the  effect  of  energy  transport 
losses  on  the  thermal  performance  of 
solar  energy  systems.  Chapter  9  of 
Reference  [40]  indicates  insulation 
thickness  for  pipes  and  ducts  for 
residential  applications. 

There  is  coflcem  that  heat  loss  from 
the  energy  transport  system,  especially 
air  leakage,  could  significantly  degrade 
the  control  of  energy  flow. 

If  thermal  losses  from  the  energy 
transport  system  are  maintained  at  the 
levels  specified  by  this  criterion,  the 
adverse  effects  on  the  cooling  load 
during  any  summertime  operation 
should  be  acceptably  low. 

2.6.2  Operating  Energy 

Criterion.  Under  normal  operating 
conditions,  operating  power  for  fluid 
transport  of  solar  thermal  energy  to  or 
from  storage  shall  not  exceed  10  percent 
of  the  energy  transferred. 

Evaluation.  Review  drawings, 
specifications  and  calculations. 
Examination  of  size  of  pump  or  blower 
relative  to  flow  and  pressure  drop  in  . 
system,  viscosity  of  heat  transfer  fluid 
as  a  function  of  temperature  and  fluid 
type,  motor  rated  capacity,  pump  or  fan 
efficiency,  electrical  energy  input  to 
motor  and  fluid  flow  rate,  temperature 
differential  and  thermal  capacity  of 
fluid.  Heat  pump  compressor  energy 
should  be  excluded  because  their 
operating  energy  is  normally  greater 
than  the  above  values. 

Commentary.  All  operating  energy 
including  that  for  pumps,  compressors, 
fans,  blowers,  solenoid  valves  and 
controls,  should  be  considered  for  solar 
components.  Under  normal  operating 
conditions,  operating  energy  for  a  given 
heat  transfer  loop  should  not  exceed  5 
percent  of  energy  transferred  for  liquid 
systems  or  10  percent  for  air  systems. 
Reference  [50]  includes  values  for 
operating  energy  in  thermal  performance 
analysis  of  selected  projects  monitored 
in  the  national  solar  data  program.  The 
use  of  thermosiphon  loops  can  be 
effective  in  reducing  operating  energy 
where  feasible. 

2.6.3  Collector  Loop  Transfer  Rate 

Criterion.  The  energy  transport 
system  shall  provide  adequate  transfer 
rate  for  the  collection  of  solar  energy 
and  during  periods  of  maximum  solar 
radiation. 

Evaluation.  Review  heat  exchanger 
effectiveness  under  normal  and  peak 
design  conditions,  heat  transfer  fluid 
flow  rate  and  properties,  collector  array 
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area,  maximum  rate  of  incident  solar 
radiation  and  collector  efficiency  curve. 
For  thermosiphon  or  draindown 
systems,  review  of  piping  size,  slope  and 
height  of  storage  above  collectors. 

Commentary.  Reduced  collector  loop 
transfer  rate  will  result  in  high  collector 
temperature  and  hence,  reduced 
collection  efficiency.  If  there  is  a 
collector  loop  heat  exchanger,  the 
approach  temperature  difference  should 
be  as  low  as  practical,  5°  F-15°  F  (3°  C- 
8°  C)  as  recommended  in  Reference  [47]. 
Thermosiphon  HW  systems  for  single¬ 
family  residences  should  have  at  least 
%  inch  nominal  diameter  pipe  and  long 
radius  elbows. 

2.6.4  Load  Transfer  Rate 

Criterion.  The  energy  transport 
system  shall  be  capable  of  transferring 
the  required  solar  and  auxiliary  thermal 
energy  to  the  space  heating,  space 
cooling  and/or  hot  water  loads  at  a  rate 
at  least  equal  to  the  design  load. 

Evaluation.  Review  heat  transfer  fluid 
flow  rate  and  properties,  heat  exchanger 
effectiveness  over  operating  range, 
design  temperatures  and  calculation  of 
design  loads  as  described  in  Criteria 
2.2.1,  2.2.3  and  2.3.3. 

Commentary.  Problem  areas  may 
include  liquid-to-air  heat  exchanger  coil 
size  in  the  space  conditioning  duct,  coil 
size  in  hot  water  preheat  tanks  and 
external  heat  exchanger  size.  The  hot 
water  recovery  rate  in  the  solar  portion 
of  the  hot  water  system  is  an  important 
consideration  to  avoid  unnecessary  use 
of  auxiliary  energy. 

2.7  Control  Performance 

Requirement.  The  control  system  shall 
be  capable  of  proper  and  efficient 
regulation  of  all  other  systems  to  fufill 
the  spact  heating,  space  cooling  and/or 
hot  water  system  requirements. 

Commentary.  Simpler  Va  control 
systems  have  been  found  to  be  just  as 
efficient  as  complicated  ones  and  are 
often  less  prone  to  malfunctions. 
Extensive  coverage  of  control  system 
design  is  presented  in  Reference  [51]. 

2.7.1  Sensor  Location 

Criterion.  Location  of  control  sensors 
shall  not  significantly  increase  the  use 
of  depletable  energy  by  the  system  due 
to  improper  location. 

Evaluation.  Review  drawings  and 
specifications.  Examination  of  presence 
or  absence  of  flow  at  all  times  past 
sensor  locations,  backflow  or 
Ihermosiphon  effects  during  non¬ 
operation  and  precision  of  sensors. 

Commentary.  Sensor  location  should 
not  increase  depletable  energy  use  of 
the  system.  Normally  the  temperature 
differential  between  the  sensor  and  the 


point  of  desired  measurement  should  not 
exceed  the  precision  range  of  the  sensor. 
The  sensed  condition  at  all  times  should 
be  considered  when  determining  sensor 
placement.  Thermosiphon  or  backflow 
in  an  idle  loop  can  cause  sensors  to  give 
erroneous  indications  of  system 
operating  conditions.  Proper  placement 
or  insulation  from  external  conditions, 
or  the  use  of  check  valves  or  backdraft 
dampers  will  reduce  sensor 
susceptibility  to  the  influence  of 
detrimental,  extraneous  or  uncontrolled 
heat  flows.  Reference  [26]  discusses  the 
implications  of  sensor  location  on 
system  performance. 

2.7.2  Collector  Fluid  Circulation 

Criterion.  The  circulation  of  heat 
transfer  fluid  through  the  collectors  shall 
occur  only  when  useful  heat  can  be 
collected  except  as  required  for  freeze 
protection  or  heat  rejection  or  dumping 
of  excess  energy. 

Evaluation.  Review  drawings  and 
specifications.  Examination  of  type  of 
controller,  deadband  range,  temperature 
turn  on  and  off  points  and  means  of 
prevention  of  unwanted 
th  ermosiphoning. 

Commentary.  Collector  pump  or 
blower  cycling  can  be  reduced  by  proper 
deadband  in  on/ off  controllers.  Studies 
have  shown  that  proportional 
controllers  are  not  substantially  more 
effective  than  on/off  controllers 
(References  [51,  62]). 

Heat  rejection  from  collectors  may  be 
for  nocturnal  cooling  purposes  or  for 
overheat  protection  (see  Criterion  2.4.5). 

2.7.3  Priority  of  Energy  Use 

Criterion.  The  controls  shall  prioritize 
the  use  of  energy  such  that  solar  energy 
is  first  applied  toward  meeting ‘the  load 
if  possible,  then  auxiliary  thermal 
energy  is  used  if  necessary  to  supply  the 
balance,  unless  such  prioritizing 
increases  the  depletable  energy  use  of 
the  system. 

Evaluation.  Review  drawings  and 
specifications.  Examination  of  control 
logic,  system  configuration  and 
operation  of  space  or  HW  thermostat. 

Commentary.  The  intent  of  this 
criterion  is  to  use  solar  energy  whenever 
possible  to  reduce  storage  losses  and 
enhance  collection  efficiently.  It  is  good 
practice  to  keep  the  solar  and  auxiliary 
subsystems  separate  with,  for  example, 
the  solar  coil  first  in  the  air  stream  and 
the  auxiliary  coil  second.  This  criterion 
is  not  intended  to  prevent  the 
simultaneous  use  of  solar  and  auxiliary 
energy. 


2.7.4  Control  Valve  and  Damper 
Leakage 

Criterion.  Leakage  past  control  valves 
and  dampers  shall  not  significantly 
increase  the  depletable  energy  use  of 
the  system  or  significantly  degrade 
system  operation. 

Evaluation.  Review  drawings  and 
specifications.  Examination  of  control 
logic,  operation  of  control  dampers  and 
valves,  and  flow  paths  and  temperature 
of  leaking  fluids. 

Commentary.  As  described  in 
Reference  [42],  it  is  important  that 
dampers  in  the  air  collection  loop  close 
tightly.  Leakage  past  valves  can  reject 
energy  to  a  collection  loop  or  cooling 
tower,  resulting  in  syst^em  performance 
degradation.  See  Criterion  3.3.3  for 
specification  of  allowable  damper 
leakage. 

Large  heat  losses  can  occur  because 
of  thermosiphoning  from  storage  to 
collector  at  night  if  valves  or  dampers  in 
the  collector-storage  loop  do  not  close 
tightly. 

2.7.5  Control  Set  Points 

Criterion.  Controller  set  points  shall 
maximize  the  use  of  solar  energy  in 
effectively  meeting  the  load. 

Evaluation.  Review  drawings  and 
specifications.  Examination  of  control 
strategy,  set  points,  fluid  flow  paths, 
fluid  velocities  and  collector 
characteristics. 

Commentary.  Collection  loop  set 
points  should  be  determined  considering 
operating  energy  versus  energy 
collected. 

Under  no  circumstances  should  the 
collection  loop  operate  when  operating 
energy  exceeds  solar  energy  collected. 

Set  points  should  address  the  freeze 
protection  needs  of  the  system  for  the 
local  climatic  conditions.  Efforts  should 
be  made  to  avoid  excessive  cycling  of 
the  controller  which  can  result  in 
significant  system  degradation  over 
time.  See  Criterion  5.2.2.  Consider  a 
differential  controller  with  a  time  delay 
to  minimize  cycling. 

Typical  set  points  include  a  delta-T  of 
10°  F  (6°  C)  between  storage  and 
collector  temperature  for  start  up  and  a. 
delta-T  of  3°  F  (2°  C]  for  shutoff  for 
liquid  collection  systems.  Higher 
temperature  differential  should  be  used 
for  air  collector  systems.  References  [51. 
52]  provide  useful  information  for  the 
determination  of  set  points. 

Absorption  chiller  performance  in 
cooling  systems  is  sensitive  to  control 
set  points.  Small  temperature  variations 
at  the  generator  (hot  water]  and 
evaporator  (chilled  water]  inlets  can 
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have  large  effects  on  the  chiller 
coefficient  of  performance. 

2.8  Component/System  Interaction 

Requirement,  All  components  in  the 
H/C/HW  system  shall  be  selected  and 
integrated  into  the  system  in  such  a 
manner  to  reduce  the  use  of  depletable 
energy  by  the  system. 

Commentary.  Interaction  of 
components  is  extremely  important  for 
mechanical  solar  energy  systems.  In 
addition  to  providing  thermally  efficient 
collection,  storage,  energy  transfer  and 
control,  components  must  be  carefully 
selected,  sized  and  integrated  to  require 
minimum  depletable  energy  input  while 
satisfying  system  energy  requirements. 

2.8.1  ,  Collector  Selection 

Criterion.  The  solar  collector  shall  be 
selected  based  on  efficient  operation  in 
the  desired  operating  temperature  range 
of  the  equipment  to  which  collected 
solar  energy  is  delivered. 

Evaluation.  Post-stagnation  (per 
Reference  [35]),  test  data  (per  Reference 
[34]  or  [53]),  shall  be  submitted  for  the 
collector  used.  Temperature 
requirements  of  equipment,  heat 
exchanger  approach  temperature 
difference,  solar  radiation  intensity, 
ambient  temperature,  wind  and  diffuse/ 
beam  solar  radiation  data  shall  be 
reviewed. 

Commentary.  High-temperature 
applications,  for  example,  cooling 
systems,  may  utilize  low-loss  collectors. 
Low  temperature  applications  (space 
and  water  heating)  can  use  collectors 
with  a  higher  loss  coefficient  depending 
on  ambient  temperature  and  solar 
radiation  intensity.  Heat  exchangers 
with  high  approach  temperature 
differences  requires  that  the  collectors 
work  at  a  high  inlet  temperature.  See 
commentary  in  Criterion  2.6.3. 
Degradation  of  collectors  and  the  effect 
on  selection  is  discussed  in  Chapter  5. 
Direct/diffuse  radiation  data  is 
discussed  in  Chapter  3  of  Reference  [36]. 

Although  cost  is  not  within  the  scope 
of  these  criteria,  a  number  of  collector 
characteristics  will  affect  operation 
efficiency  and  cost  effectiveness.  These 
characteristics  might  include: 

•  Number  and  material  of  cover 
plate(s]. 

•  Heat  transfer  medium  (air,  liquid) 
and  flow  rate. 

•  Freeze  protection  technique. 

•  Absorber  coating  type. 

•  Absorber  plate  and  conduit 
material,  gauge  and  integrating 
technique. 

•  Insulation  material  effectiveness. 

Reference  [47]  gives  useful 

information  and  discussion. 


2.8.2  Storage  Size 

Criterion.  The  thermal  capacity  of  the 
thermal  storage  system  shall  not 
adversely  effect  overall  system 
efficiency. 

Evaluation.  Review  drawings  and 
specifications.  Examination  of  storage 
volume  and  heat  capacity  of  storage 
media,  collector  array  area  and 
efficiency,  frequency  of  periods  of  no 
collectable  solar  radiation,  temperature 
requirements  of  equipment  supplied  by 
solar  energy,  number  and  type  (hot  or 
cold)  of  units  and  load.  Justification 
must  be  made  in  design  for  abnormally 
undersized  or  oversized  storage. 

Commentary.  Storage  may  not  be 
provided,  see  Requirement  2.5.  Storage 
size  affects  collection  efficiency, 
temperature  stability  of  the  system  and 
cycling  of  equipment  (especially 
absorption  chillers).  Too  small  storage 
results  in  waste  of  collectable  solar 
energy.  Too  large  storage  can  result  in 
unacceptabiy-high  losses  or  too  low 
termperatures  to  load. 

The  size,  or  even  the  presence  or 
absence  of  storage,  depends  on  the 
system  design.  Typical  storage  sizes  in 
the  National  Solar  Demonstration 
Program  for  residential  applications  are 
predominantly  between  10  and  20  Btu/° 
F/fP*  (200-400  X  10®kJ/“  C-m^  of 
collector  area,  although  some  systems 
have  more  than  70  Btu/°  F/ft*  (1400  X  10® 
k]/'  C-m*). 

Reference  [21],  page  10,  states  that  for 
residential  space  and  water  heating 
systems,  storage  capacity  should  be 
about  10  to  15  Btu/°  F/ft®  (200  to 
300  X 10®  kJ/°  C-m^  of  collector  surface. 

The  10  to  15  Btu/°  F/ft®  range,  though 
typical,  does  not  apply  in  cases  such  as: 
solar  assisted  heat  pumps  (2-3  times  this 
amount  is  needed),  seasonal  or  annual 
storage  systems,  solar  powered  chiller 
systems,  systems  so  small  in  relation  to 
load  that  collector  output  is  used 
immediately. 

2.8.3  Fluid  Flow  Rates 

Criterion.Heai  transfer  fluid  flow 
rates  shall  be  compatible  among  the 
various  subsystems  with  regard  to 
capacity  and  heat  transfer  rates.  Heat 
exchangers  and  other  devices  shall  be 
sized  to  effectively  transfer  energy  from 
one  subsystem  to  another. 

Evaluation.  Review  drawings^and 
specifications.  Examination  of  required 
flow  rate  ranges  of  all  components  in  a 
loop  of  system  configuration,  parallel  or 
series  arrangement  of  components. 

Commentary.  Overall  system 
efficiency  can  suffer  due  to  specification 
of  equipment  in  the  same  loop  requiring 
different  flow  rates.  Equipment  sizes 
and  arrangements  (in  series  or  parallel) 


should  be  chosen  considering 
compatibility  of  flows  and  heat  transfer 
rates. 

2.8.4  Auxiliary  Equipment  Selection 

Criterion.  Auxiliary  energy  equipment 
shall  be  selected  and  integrated  into  the 
H/C/HW  system  to  minimize  the  use  of 
depletable  energy  by  the  system. 

Evaluation.  Review  drawings  and 
specifications.  Energy  Efficiency  Ratings 
(EER’s)  of  all  equipment  shall  be  stated. 
Justification  shall  be  made  for  the 
selection  of  auxiliary  energy  source. 
Arrangement  of  auxiliary  equipment 
relative  to  load  and  solar  energy 
equipment  will  be  closely  examined.  In 
particular,  source  temperature  for  heat 
pumps  shall  be  specified  and  justified. 

Commentary.  Parallel  solar/auxiliary 
heat  pumps  may  not  be  efficient  in  cold 
climates.  In  this  arrangement,  the  heat 
pump  uses  outside  air  as  a  heat  source 
when  the  solar  portion  of  the  system 
cannot  supply  the  load.  However,  since 
the  heat  pump  coefficient  of 
performance  and  capacity  is  reduced  at 
low  source  temperature,  this 
arrangement  is  not  always 
advantageous. 

Two  basic  methods  of  augmenting  a 
solar  heated  absorption  chiller  have 
been  used:  an  independent  auxiliary 
electric  chiller  or  the  use  of  fossil  fuel  to 
provide  the  heating  energy  for  the 
absorption  chiller  in  the  absence  of 
solar  heat.  One  major  consideration  is 
the  peak  load  on  the  electric  utility  at 
times  of  peak  cooling  power 
requirements,  which  indicates  oil  back¬ 
up.  Independent  electric  chillers  provide 
for  increased  reliability  in  case  of 
absorption  chiller  failure 

2.8.5  Load  Temperature  Requirements 

Criterion.  Component  interaction  shall 
be  such  that  the  system  is  able  to  meet 
higher-temperature  load  requirements 
before  lower  temperature  loads  are 
satisified  when  higher  temperature 
energy  is  available  and  a  higher 
temperature  load  exists. 

Evaluation.  Review  drawings, 
specifications,  system  configuration  and 
control  logic. 

Commentary.  Cooling  applications 
usually  require  higher  temperatures  than 
water  and  space  heating  systems.  As  an 
example,  the  efficiency  of  an  absorption 
chiller  decreases  with  decreasing  hot 
water  firing  temperature,  so  a  combined 
cooling  and  hot  water  system  should 
supply  the  hottest  solar-heated  water  to 
the  chiller  and  lower-temperature  water 
to  the  water  heating  system. 
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2.9  Alternative  Energy  Limit  Approach. 

Requirement.  The  building,  including 
passive  solar  components,  and  the 
mechanical  H/C/HW  system,  including 
active  solar  and  auxiliary  energy 
systems,  shall  be  designed  to  minimize 
the  use  of  depletable  energy.  The  system 
analysis  criteria  set  forth  in  this  section 
may  be  used  as  a  basis  to  demonstrate 
compliance.  Alternatively,  subsystem 
and  component  criteria  described  in 
Requirements  2.4  through  2.8  may  be 
used. 

Commentary.  If  the  criteria  in  sections 
2.4  through  2.8  are  followed,  it  is 
assumed  that  the  depletable  energy  use 
of  the  mechanical  system  will  be 
acceptably  low.  To  ensure  low  levels  of 
depletable  energy  used  on  that  basis, 
however,  requires  the  assumption  of  a 
“standard”  solar  energy  system  design, 
which  may  not  encourage  irmovation. 
Also,  sections  2.4  through  2.8  deal  only 
with  the  mechanical  system  design  to 
meet  a  given  load  and  do  not  address 
load  reduction  by  means  of  passive 
solar  design  of  the  building.  Therefore, 
this  section  2.9  may  be  followed,  at  the 
option  of  the  designer,  to  allow 
flexibility  in  design  of  the  building  and 
mechanical  system  while  keeping 
depletable  energy  use  below  a  limit  set 
by  the  applicable  authority. 

2.9.1  Depletable  Energy  Limit. 

Criterion.  A  depletable  energy  limit 
for  the  H/C/HW  system  shall  be 
established  by  the  applicable  authority 
and  shall  not  be  higher  than  the  BEPS  [2] 
level  (when  finally  promulgated)  for  the 
particular  building  type  and  location, 
and  fuel  t3T)e. 

A  separate  energy  limit  may  be  stated 
for  each  system  type  in  the  case  of 
independent  systems,  or  a  single  limit 
may  be  stated  for  a  combined  system. 
The  limit  shall  be  expressed  in  terms  of 
annual  energy  per  unit  gross  floor  area 
of  fully  conditioned  space  Btu/ft^year 
(J/mVyear).  A  separate  energy  limit 
may  be  established  for  each  energy 
source  (e  g.  electricity,  oil,  natural  gas, 
wood).  The  energy  limit  shall  apply  to 
depletable  energy  sources  as  supplied  to 
the  site. 

Evaluation.  The  energy  limit  must  be 
established  considering  weather 
conditions  at  the  site  including,  as  a 
minimum,  solar  radiation  and  ambient 
temperature.  U.S.  DoE  Building  Energy 
Performance  Standard  (BEPS)  [2]  energy 
budgets  adjusted  for  system  type  (scope 
of  coverage)  may  be  used  as  a  basis, 
although  solar  energy  systems  are 
believed  to  be  capable  of  much  lower 
depletable  energy  use  then  required  by 
the  levels  stated  in  the  BEPS.  NOPR  [2j 


which  can  be  met  without  the  use  of 
passive  or  active  solar  energy  systems. 

Commentary.  In  actual  practice  the 
depletable  energy  limit  may  be  proposed 
by  the  designer  and  approved  by  the 
applicable  authority. 

The  energy  limit  for  domestic  hot 
water  systems  must  be  stated  as  a  ratio 
to  gross  floor  area  of  fully  conditioned 
space  to  provide  uniformity  and  to  avoid 
confusion  in  the  case  of  combined 
systems. 

It  is  recognized  that  specification  of  . 
an  energy  limit  at  the  site  does  not  take 
into  consideration  the  thermodynamic 
efficiency  of  mining  or  harvesting 
depletable  energy  sources,  converting 
them,  and/or  transportation  to  the  site. 
The  applicable  authority,  however,  can 
account  for  these  factors  by  placing  a 
separate  energy  limit  on  each  type  of 
energy  source. 

2.9.2  Depletable  Energy  Use. 

Criterion.  Passive  solar  components 
and  active  solar  energy  techniques  shall 
be  employed  to  the  extent  necessary  to 
achieve  annual  depletable  energy  use 
below  the  limit  established  in  Criterion 
2.9.1.  Calculations  of  depletable  energy 
use  of  the  H/C/HW  system  shall  be 
based  on  operating  conditions  and/or 
hot  water  consumption  established  by 
the  applicable  authority. 

Evaluation.  Review  analytical 
methods,  drawings,  specifications, 
component  test  data  and  calculations. 
The  calculation  of  annual  depletable 
energy  use  shall  be  based  on  analytical 
predictions  or  correlations  derived  from 
simulations  using  hourly  values  of  solar 
radiation,  ambient  temperature  and 
system  load  for  at  least  one  day  a  month 
including  operating  energy  requirements 
and  heat  losses,  and  H/C/HW  system 
and  component  performance 
characteristics.  Otherwise,  it  shall  be 
based  on  experimental  data  for  similar 
solar  energy  systems  in  similar  buildings 
in  the  same  climatic  area.  System 
performance  shall  be  based  on  post¬ 
stagnation  collector  performance  data.  It 
is  desirable  that  the  prediction  of  system 
performance  reflect  the  cumulative 
degradation  in  components  resulting 
from  environmental  deterioration  or 
system  wear. 

The  energy  use  calculation  shall  be 
used  on  operating  conditions  provided 
by  the  applicable  authority  including 
occupancy  schedule,  temperature  set 
points  for  day/night  and  summer/ 
winter,  and  ventilation  schedule. 
Emergency  Building  Temperature 
Restrictions  [53]  are  one  example  of 
legislated  operating  conditions.  Energy 
records  of  comparable  buildings  may  be 
used  to  substantiate  calculated  energy 
use. 


Commentary.  The  energy  limits 
discussed  here  do  not  specifically 
include  energy  for  lighting  purposes, 
however,  it  is  desirable  to  consider  the 
beneficial  effect  of  natural  lighting  in 
reducing  annual  energy  requirement  for 
lighting. 

Experimental  verification  of  complete 
system  performance  or  actual  usage 
data  for  similar  projects  may  not  be 
available;  therefore,  analytical 
simulation  methods  employing  empirical 
subsystem  or  component  performance 
can  be  used  to  calculate  the 
performance  over  the  full  range  of 
operating  conditions. 

All  systems  that  provide  the  functions 
of  heating  and/or  cooling  require  a 
building  thermal  load  analysis  to 
determine  the  energy  demand  on  the 
mechanical  equipment.  This  analysis 
can  vary  from  simplified  methods  such 
as  described  in  Chapter  43  of  the 
ASHRAE  Systems  Handbood  [22]  and 
based  on  the  modified  degree-day 
method  for  heating  and  the  equivalent 
full-load  hour  method  for  cooling,  to 
sophisticated  computer  programs  such 
as  NBSLD  [55]  which  perform  dynamic 
simulation  of  hourly  thermal  loads  for 
each  building  zone  for  an  entire  year. 
Reference  [56]  provides  a  summary  of 
computer  programs  available  for  heating 
and  cooling  thermal  load  determination. 
Refinements  to  the  simplified  energy 
calculation  procedures  [57]  are  currently 
being  developed  to  include  elements 
deemed  essential  to  the  accuracy  of  the 
calculation  procedure.  The  choice  of  a 
particular  method  used  to  calculate 
building  thermal  load  depends  on  the 
specific  application.  Residential 
buildings  containing  two  or  less  zones 
and  not  utilizing  passive  solar 
components  can  usually  be  evaluated 
using  the  simplified  proceures;  however, 
larger,  multiple-zoned  buildings  and 
buildings  having  passive  solar 
components  should  utilize  the  more 
comprehensive  methods.  The  building 
thermal  load  analysis  should  be  capable 
of  predicting  seasonal  buildings  heating 
loads  to  an  accuracy  of  10  percent 
(when  the  uncertainty  of  air  infiltration 
is  excluded)  and  seasonal  cooling  loads 
to  an  accuracy  of  20  percent  when 
compared  to  predictions  using  the  most 
refined  procedure  available. 

The  annual  thermal  performance  of  all 
H/C/HW  systems  can  be  evaluated 
using  a  variety  of  methods  after  the 
respective  energy  demands  are 
determined. 

Simplified  methods,  such  as  the  f- 
Chart  method  [33],  varying  from 
handbook  calculation  procedures  [44, 

58]  to  interactive  computer  programs 
[59]  are  suitable  for  many  smaller 
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mechanical  solar  energy  systems.  The  f- 
Chart  method  is  a  correlation  to  liquid 
and  air  active  solar  systems  for  space 
heating  and  hot  water,  hot  water  only, 
and  space  heating  only.  The  f-Chart 
method  is  not  suitable  for  use  with: 

•  Passive  components. 

•  Tracking  collectors. 

•  Space  cooling  systems. 

•  Heat  pump. 

•  Multi-zone  heating  systems. 

Anticipated  advances  m  the 

interactive  computer  version,  FCHART, 
are  expected  to  increase  the  list  of 
system  types  that  can  be  modeled. 
Operating  energy  for  pumps,  blowers, 
and  controls  is  not  calculated  by  the 
method  and  must  be  estimated 
separately. 

SOLCOST  [60]  is  another  simplified 
method  of  calculating  system  thermal 
performance.  In  addition  to  the  systems 
that  can  be  modeled  by  the  f-Chart 
method  SOLCOST  is  also  applicable  to 
heat  pump  systems,  both  solar-assisted 
and  solar  augmented,  and  for  single  and 
double  axis  tracking  collectors.  Like  f- 
Chart,  SOLCOST  does  not  calculate 
operating  energies  for  pumps,  blowers 
and  controls.  Detailed  simulation 
methods  such  as  TRNSYS  [11]  are 
warranted  for  mechanical  systems 
installed  in  large  complex  buildings  or 
for  systems  not  covered  by  the 
simplified  procedures.  A  listing  of 
computer  programs  for  solar  system 
thermal  performance  is  available  from 
the  National  Solar  Heating  and  Cooling 
Information  Center  [61]  and  a  more 
comprehensive  summary  of  calculation 
procedures  are  described  in  Reference 
[62]. 

Although  the  thermal  performance  of 
buildings  containing  passive  solar 
components  such  as  direct-gain 
buildings  can  usually  be  calculated 
using  the  previously  described  building 
thermal  load  techniques,  thermal 
network  analysis  techniques  may  be 
required  for  buildings  having  indirect- 
gain  features  such  as  Trombe  walls. 
General  purpose  thermal  analyzers  such 
as  SINDA  [63]  or  specialized  programs 
such  as  PASOLE  [10]  are  available  for 
these  types  of  buildings.  Hand 
calculation  procedures  such  as  the 
Solar/Load  Ratio  [6]  method  are  also 
available.  Reference  [12]  is  a  brief  but 
comprehensive  survey  of  passive  solar 
building  design  computer  programs.  The 
choice  of  a  calculation  procedure  for 
estimating  solar  energy  system  thermal 
performance  depends  on  the  application. 

In  recent  experiments  on  solar  HW 
systems  at  NBS  [64],  the  predicted  long¬ 
term  performance  using  tiie  f-Chart, 
SOLCOST  and  TRNSYS  programs  were 
all  within  6  percent  of  the  measured 
results.  Similar  efforts  have  been  made 


to  compare  space  heating  system 
measured  performance  with  f-Chart 
predictions  using  instrumented  data 
from  the  National  Demonstration 
Program  [65,  66].  Based  on  these  results, 
it  is  suggested  that  calculation 
procedures  be  selected  to  have  an 
accuracy  of  10  percent  for  HW  systems 
and  25  percent  for  H/C/HW  systems 
when  compared  to  the  most  detailed 
calculation  procedure  available  for  the 
same  thermal  load  input  conditions. 
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Chapter  3. — Mechanical 
3.0  Introduction 

This  chapter  presents  performance 
criteria  for  the  mechanical  and  some 
constructional  aspects  of  solar  energy 
systems.  The  mechanical  requirements 
are  related  to  active  systems  while  the 
parallel  for  passive  systems  are 
considered  constructional  as  well  as 
mechanical.  For  simplicity,  both  are 
considered  in  this  chapter.  Criteria  that 
pertain  to  passive  systems  are 
incorporated  into  sections  throughout 
the  chapter  under  applicable  topics  (for 
example,  sealing  of  air  systems)  and  are 
not  limited  to  Requirement  3,4. 

3.1  System  Design  Conditions 

/ 

Requirement,  The  H/C/HW  system 
and  components  shall  be  capable  of 
being  operated  over  the  flow  rate, 
pressure  and  temperature  ranges  and 
under  structural  conditions  anticipated 
in  actual  service  without  significant 
impairment  and  shall  conform  to 
applicable  local  and  nationally 
recognized  codes  and  standards. 

Commentary.  It  is  desirable  that  the 
design  consist  of  components  that  are 
covered  by  recognized  standards,  where 
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available,  and  are  specitied  by  the 
manufacturer  to  be  suitable  for  the 
pressure,  temperature  and  flow 
application.  Available  codes  and 
standards  are  listed  by  ASHRAE  [1]*. 
Underwriters’  Laboratories  currently 
has  under  development  a  set  of 
standards  for  solar  collectors  that  may 
be  applicable. 

Heat  transfer  through  the  system  may 
use  a  number  of  different  transfer 
approaches  such  as  gravity  (or 
thermosiphon)  circulation,  combined 
forced  and  gravity  circulation,  or  forced 
circulation.  Systems  or  applications  that 
do  not  lend  themselves  to  engineering 
analysis  may  require  prototype  tests  or 
documented  performance  under  in-use 
conditions.  A  standard  practice  for 
installation  and  service  of  solar  heating 
systems  (H)  [2]  and  instedlation 
guidelines  for  solar  hot  water  systems 
(HW)  [3]  have  been  prepared. 

3.1.1  Solar  Collectors 

Criteria.  The  specification  of  solar 
collectors  shall  include  maximum 
acceptable  pressure  drop,  resistance  to 
stagnation  conditions  and  thermal 
stresses.  Criteria  involving  thermal 
performance  axe  covered  in 
Requirement  2.4. 

Evaluation.  Review  drawings, 
specifications,  mamufactiu^r’s  literature, 
test  data  and  design  calculations. 
Provisional  tests  described  in  test 
methods  7.2  (no-flow  30-day 
degradation)  and  7.6  (thermal  cycling)  of 
NBSIR  78-1305A  [4]  are  one  means  of 
assessing  the  effects  of  these  conditions 
on  collectors.  ASHRAE  93-77  (5] 
provides  coverage  of  collector  pressure 
drop. 

Commentary.  Collectors  must  often 
withstand  considerable  thermal  cycling 
and  vveathering  conditions.  Thermal 
performance  may  be  reduced  by  the 
degradation  of  glazing,  seals  and 
absorber  materials. 

3.1.2  System  Balancing. 

Criterion.  The  energy  transport 
system  shall  be  designed  with 
provisions  for  balancing  of  all  specified 
design  flows  and  be  balanced  affer 
installation  to  assure  that  specified  flow 
rates  are  achieved.  This  shall  include 
collector  array,  storage  and  heat 
exchangers  for  all  systems  except  HW 
systems  with  three  or  fewer  panels  or 
less  than  50  ft*  (4.6  m*)  of  gross  collector 
area. 

Evaluation.  Flow  rates  shall  be 
adjusted  to  meet  the  requirements  of 
Criteria  2.4.2,  2.5.3,  2.5.4,  2.6.3,  2.6.4  and 
2.8.3.  Two  methods  for  balancing  are 


'Numbers  in  brackets  [  j  indicate  references  at 
the  end  of  this  chapter. 


Procedural  Standards  for  Testing, 
Adjusting,  and  Balancing  of 
Environmental  Systems,  NEBB  [6]  and 
National  Standards  for  Field 
Measurement  and  Instrumentation, 

Total  System  Balance,  AABC  (7). 

Review  drawings,  specifications, 
historical  performance,  previous  test 
data  and  design  calculations  or  testing. 

Commentary.  Flow  rates  can  vary 
widely  or  even  short  circuit  areas  within 
collector  arrays,  storage  assemblies  and 
energy  transport  systems  resulting  in 
reduced  performance. 

Typically,  liquid  flow  is  about  .02  gal/ 
min-ft*  (0.014  L/s-m*)  of  collector. 

Reverse  retium  piping  configurations  are 
self-balancing  within  certain  limits. 
Balancing  devices  must  be  provided  on 
each  parallel  leg  of  a  direct  return 
system.  For  air  collectors,  a  flow  rate  of 
2  ftVmin-ft*  (0.01m  Vs-m*)  of  collector  is 
typical. 

Balancing  dampers  placed  in  ducts 
having  excessive  air  flow  rates  is  a 
conunon  means  of  balancing  air 
systems. 

Flow  rates  and  velocities  for 
thermosiphon  systems  will  vary 
dsmamically  and  will  not  necessarily  fall 
within  stated  ranges. 

3.1.3  Insulation 

Criterion.  Insulation  of  collectors, 
piping,  ducts  thermal  storage  containe'':^ 
and  heat  exchangers  shall  be  in 
accordance  with  recognized  standards 
and  methods. 

Evaluation.  Review  drawings  and 
specifications.  Insulation  design  and 
installation  shall  be  in  accordance  with 
ASHRAE  [8],  Chapter  19.  Factory 
manufactured  insulated  ducts  shall 
satisfy  the  requirements  of  UL 181  (9). 
Fibrous  glass  ducts  shall  satisfy 
SMACNA  requirements  [10]. 

Commentary.  Protection  of  exterior 
pipe  and  duct  and  storage  container 
insulation  is  of  great  importance  in 
preventing  thermal  losses.  Joints  in 
waterproof  coverings,  and  some 
impermeable  insulation,  are  particularly 
vulnerable  to  moisture  intrusion  into  the 
insulation  resulting  in  decreased  R- 
value.  Requirements  for  resistance  to 
weathering  and  ultra-violet  exposure  are 
contained  in  Criteria  5.1.1  and  5.1.2,  for 
thermal  stability  in  5.2.1  and  for  fire 
resistance  in  4.4.3. 

Insulation  should  be  protected  against 
compressive  loads  from  pipe  and  duct 
supports  and  storage  tanks.  Some 
insulating  materials  such  as  cellular 
glass  foam  have  high  compressive 
strength  and  may  be  suitable  for 
insulating  all  around  and  under  earth 
supported  storage  containers.  Most 
insulation  materials  do  not  have 
adequate  compressive  strength  and  may 


require  additional  supporting  devices. 
Care  should  be  taken  that  thermal 
shorts  through  supports  and  fittings  are 
minimized.  Insulation  on  undergound 
and  unsheltered  above  ground 
components  must  be  well  waterproofed 
and  sub-surface  drainage  provisions  are 
highly  recommended.  Construction  in 
high  water-table  areas  may  be 
impractical.  Concrete  or  other  storage 
mass  on  grade  should  have  perimeter 
insulation  either  vertically  along  the 
foundation  wall  or  horizontally  under 
the  storage  mass,  fi'om  the  perimeter 
inward  for  a  distance  of  1  to  2  ft  (.3-.6 
m).  Such  insulation  may  be  placed 
outside  the  foundation  wall  to  increase 
the  volume  of  the  insulated  thermal 
mass,  but  only  if  well  protected  ffom 
physical  damage  and  weathering,  and 
be  impervious  to  moisture  absorption. 
ASHRAE  [B],  Chapter  19,  and  Reference 
[11]  contain  guidance. 

3.1.4  Structural  Deflection 

Criterion.  Under  the  effect  of 
deflections  caused  by  the  loads  defined 
in  Criterion  4.6.1,  in  addition  to  the 
anticipated  creep  deflections,  the  system 
as  a  whole  or  any  component, 
connection  or  support  thereof,  shall  not 
suffer  permanent  damage  which  would 
require  replacement  or  repair,  or  which 
would  impair  its  intended  function 
during  its  service  hfe. 

Evaluation.  Evaluation  of 
documentation  of  data  for  design,  tests 
and  installations.  Evaluation  and/or 
testing  of  components  and  elements 
where  deemed  essential.  Determination 
of  compliance  with  generally  accepted 
standaitls,  and  engineering  and  trade 
practices,  where  applicable. 

The  criterion  is  deemed  satisfied  if  it 
can  be  demonstrated  that  deflections 
caused  by  the  specified  loads  can  be 
accommodated  by  suitable  details  or 
adequate  flexibility. 

Commentary.  The  intent  of  this 
criterion  is  to  provide  for  the  proper 
functioning  of  the  system  under  service 
loading  conditions  without  breakdown 
or  permanent  impairment  beyond  levels 
comparable  to  conventional  heating  and 
cooling  systems. 

Loads  lower  than  required  ultimate 
loads  should  not  cause  large, 
irrecoverable  deformations.  The 
deflection  of  conventional  elements 
supporting  the  system  elements  should 
not  exceed  the  limits  of  conventional 
engineering  standards  for  the 
appropriate  materials  and  for 
nonconventional  elements  the  deflection 
should  not  exceed  the  limitations 
specified  in  Section  13.2.4  of  Reference 
[13]. 
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Reference  [14]  gives  a  range  of  limits 
on  deflection  depending  on 
circumstances  that  may  be  used  for 
guidance  in  assessing  compatibility. 
Safety  concerns  such  as  broken  glazing 
and  hazardous  fluid  leaks  that  may  be 
caused  by  excessive  deflections  are 
covered  in  Criteria  4.6.1,  4.3.3,  and  4.2.3. 

3.2  Liquid  Systems 

Requirement,  the  subsystems  and 
components  of  liquid  systems  shall  be 
designed  as  to  flow  rates,  temperatures, 
pressures,  mechanical  stresses,  material 
properties  and  heat  transfer  liquid 
characteristics  to  provide  proper  and 
efficient  performance. 

Commentary.  In  liquid  systems, 
maximum  pressure  and  temperature  are 
primarily  a  function  of  fluid  properties 
and  relief  valve  settings,  along  with  the 
properties  of  the  materials  that  comprise 
system  components.  Fluid  compatibility 
is  an  important  consideration  and  is 
covered  in  Requirement  5.3.  See  6.2  and 

6.3  for  requirements  for  system 
maintenance,  servicing  and  monitoring. 
Illustrations  of  recommended  design 
practices  are  contained  in  [1,  3.  3]. 

3.2.1  Piping  Design 

Criterion.  Pipe  sizing  shall  be  in 
accordance  with  accepted  design 
practice  or  recognized  methods  and 
volocities  shall  not  exceed  the  values 
listed  in  Tables  3  and  4  in  Section  11  of 
the  Appendix.  Anchorage  shall  be 
provided  where  necessary.  Support  shall 
be  provided  to  prevent  piping  from 
deflecting  beyond  acceptable  limits  and 
to  maintain  a  slope  for  positive 
drainage. 

Evaluation.  Review  drawings, 
specifications  and  design  calculations 
for  compliance  with  applicable  local  and 
national  codes  and  standards. 

Commentary.  Since  the  size  and 
energy  requirements  of  pumps  are  a 
function  of  the  system  flow  resistance, 
pressure  drops  should  be  kept  as  low  as 
practical.  Fittings  such  as  bends,  tees, 
globe  valves,  reducers  or  other 
obstructions  to  flow  should  be 
minimized  or  simplified  by  careful 
arrangement  of  piping  runs.  For  long 
runs,  smooth  turns  with  soft  temper  pipe 
or  large  radius  elbows  should  be 
considered.  Accepted  practices  for 
plumbing  design  are  discussed  in 
standard  plumbing  guides  [15, 16]. 
V'elocities  are  given  in  Tables  3  and  4  in 
Section  11  of  the  Appendix  for  the 
materials  listed  to  prevent  erosive  wear. 

A  thermosiphon  water  heating  system 
is  an  example  where  pipe  sizing  is 
essential  as  hot  water  circulation  results 
from  the  change  In  density  of  the  fluid 
with  temperature.  Movement  of  a  heat 
transfer  fluid  by  natural  convection  is 


achieved  by  relatively  low  pressure 
differentials  and  low  pressure  drops  are 
essential.  Design  considerations  and 
equipment  performance  data  are 
available  in  References  [17, 18, 19,  20]. 

Adequate  anchorage  and  support  are 
necessary  in  order  to  prevent  damage  to 
the  piping,  insulation  or  building 
surfaces  from  sagging,  vibration  and 
thermal  cycling.  Support  and  anchorage 
systems  are  illustrated  in  Reference  [21). 
Supports  for  horizontal  runs  should  be 
at  eight  foot  [2.4  m)  intervals  for  drawn 
copper  tubes,  six  foot  (1.8  m)  for 
annealed  copper  tube,  twelve  foot  (3.7 
m)  intervals  for  threaded  pipe,  and  one 
to  two  foot  (.3-.6  m)  intervals  for  rigid 
plastic  pipe. 

See  also  Chapter  5,  especially  5.1,  5.2 
and  5.3  for  additional  concerns  including 
non-metalbc  piping  and  coupling  hoses. 

3.2.2  Leak  Testing 

Criterion.  The  portions  of  installed  H/ 
C/HW  systems  that  contain  pressurized 
liquid  heat  transfer  fluids  and  are 
directly  connected  or  are  not  directly 
connected  to  the  potable  water  supply 
shall  not  leak  when  exposed  to 
designated  pressures. 

Evaluation.  Review'  of  specifications 
and  testing.  The  portions  of  the  H/C/ 

HW  systems  that  contain  pressurized 
liquid  heat  transfer  fluids  and  are 
directly  connected  or  are  not  directly 
connected  to  the  potable  water  supply 
shall  be  leak  tested  at  pressures  not  less 
than  1  Vz  times  their  design  working 
pressure  for  a  minimum  of  15  minutes, 
when  filled  with  a  recommended  testing 
fluid.  Those  portions  of  the  system 
designed  to  operate  at  atmospheric 
pressure  shall  be  filled  with  a 
recommended  testing  fluid  and  tested 
for  a  minimum  of  30  minutes.  Those 
portions  of  installed  H/C/HW  systems 
that  are  directly  connected  to  the 
potable  water  supply  system  shall  be 
tested  in  accordance  wdth  applicable 
local  and  nationally  recognized  codes 
and  standards.  Pipes  and  tanks  shall  be 
leak  tested  before  enclosing,  backfilling 
or  insulating.  The  test  pressure  shall  be 
applied  for  the  period  of  time  necessary 
to  inspect  for  leakage.  The  temperature 
of  the  liquid  shall  be  within  5°  F  (3°  C)  of 
the  initial  ambient  conditions. 
Provisional  tests  for  evaluating  the 
leakage  and  pressure  resistance  of  solar 
collectors  are  described  in  test  method 
7.12  of  NBSIR  78-1305A  [4]. 

Commentary.  In  most  applications, 
the  leak  testing  should  be  done  with  the 
specified  heat  transfer  fluid.  Glycol 
mixtures  and  oils  have  lower  surface 
tensions  than  water  and  will  leak 
through  normally  watertight 
connections.  In  addition,  use  of  water  in 
systems  later  filled  with  oils  or  other 


immiscible  liquids  could  lead  to  fluid 
deterioration  or  corrosion  due  to 
residual  water.  If  the  fluid  temperature 
is  significantly  lower  than  that  of  the 
ambient  conditions,  sweating  may  result 
and  proper  examination  will  be  difficult. 
In  addition,  the  use  of  hot  liquids  can 
result  in  the  swelling  of  packings  and 
joint  materials,  thus,  concealing  leaks. 
Provisions  should  be  made  at  the 
highest  point  or  points  in  the  system  to 
permit  venting  of  all  air  in  the  piping 
during  the  filling  operations.  See  also 
Criterion  3.2.6.  In  applying  the  pressure, 
caution  should  be  exercised  so  that 
excess  pressure  is  not  applied  to  the 
system.  Protection  of  certain 
components  such  as  expansion  tank(s), 
air  vent(s)  and  pressure  gauge(s)  and 
capping  of  pressure  relief  devices  should 
be  considered  to  avoid  damage  of  these 
components  during  pressure  testing. 

3.2.3  Liquid  Quality 

Criterion.  The  systems  shall  have 
strainers,  filters  or  other  means  to 
collect  particulate  matter  that  could 
impair  the  flow  of  the  heat  transfer  fluid 
and  result  either  in  a  reduction  of 
system  efficiency  or  deterioration  of 
system  components  beyond  acceptable 
limits. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  The  piping  in  some 
solar  collectors  and  heat  exchangers 
may  have  small  cross  sections  in  which 
blockage  by  dirt,  scale,  pieces  of  gasket 
material,  pieces  of  packing,  or  other 
foreign  matter  in  the  heat  transfer  fluid 
could  occur.  The  buildup  of  sludge  may 
be  the  result  of  decomposition  of  the 
heat  transfer  liquid,  reactions  with 
additives  within  the  liquid  itself  or 
reactions  of  the  heat  transfer  fluid  with 
piping  materials  or  extraneous 
impurities  such  as  pipe  dope,  solder 
flux,  cutting  oils  or  general  system  dirt. 

A  strainer  with  a  brass  or  stainless  steel 
screen  should  be  installed  ahead  of  the 
pump  to  remove  foreign  matter  that 
might  damage  the  pump,  clog  collector 
or  heat  exchanger  passages  or  cause 
galvanic  corrosion  in  the  system.  The 
change  in  pH  of  some  heat  transfer 
fluids  due  to  their  decomposition  at 
elevated  temperatures  is  of  great 
concern.  See  Criteria  5.2.1,  5.3.1  and 
6.2.1. 

To  aid  in  preventing  sludge,  the 
system  piping  should  be  thoroughly 
cleaned  and  flushed  prior  to  the 
introduction  of  the  antifreeze  mixture. 
Problems  can  develop  when  liquids  such 
as  “hard”  water  are^used.  See  also 
Criteria  6.1.5  and  6.2.1. 
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3.2.4  Thermal  Expansion  of  Fluids 

Criterion.  Adequate  provisions  for  the 
thermal  expansion  of  heat  transfer  fluids 
and  thermal  storage  fluids  that  can 
occur  over  the  service  temperature 
range  shall  be  incorporated  into  the 
system  design. 

Evaluation,  Review  drawings, 
specifications  and  design  calculations. 
Expansion  tanks  shall  be  sized  in 
accordance  with  Chapter  16  to  ASHRAE 
Handbook/Systems  [16]. 

Commentary.  Water  expands  about  4 
percent  in  volume  when  heated  from  40° 

F  to  200°  F  (4°  C  to  93“  C).  Other  heat 
transfer  fluids  will  have  different 
coefficients  of  volumetric  expansion. 
Means  should  be  provided  in  the  system 
design  to  contain  this  additional  fluid 
volume  without  exceeding  the  relief 
pressure  of  the  system  resulting  in 
venting  of  fluid.  Provisions  for 
expansion  of  fluids  should  be  located  in 
all  loops  in  which  thermal  energy  may 
be  added  to  or  removed  the  fluid  and 
that  may  be  isolated  by  valves. 

3.2.5  Drainage  and  Filling 

Criterion.  Fill  and  drain  devices  shall 
be  provided  for  the  flushing,  filling  and 
periodic  recharging  of  the  system  and  to 
facilitate  maintenance  and  repair  of 
liquid  systems.  In  systems  employing 
toxic  or  combustible  fluids,  such  devices 
shall  be  in  compliance  with  Criteria'  4.2.2 
and  4.2.4. 

Evaluation.  Review  drawings, 
specifications  and  maintenance 
instructions. 

Commentary.  In  systems  using  toxic 
or  combustible  liquids,  it  may  be 
desirable  to  design  fill  and  drain  devices 
so  that  only  skilled  maintenance 
personnel  can  service  the  system. 

See  Criteria  6.2.1  and  3.2.3  for  further 
discussion  of  maintaining  the  quality  of 
heat  transfer  liquids. 

Water  wall  units,  barrels,  columns 
and  other  collector/storage  assemblies 
may  require  draining  and  filling 
provisions  for  the  individual  liquid 
containers. 

3.2.6  Entrapped  Air 

Criterion.  When  liquid  heat  transfer 
fluids  are  used,  the  system  shall  provide 
suitable  means  for  air  or  gas  removal 
from  the  piping  and  liquid  containment 
system. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Entrapped  air  in  piping 
and  collectors  can  impede  the  flow  of 
liquids  through  piping,  reduce  heat 
transfer  effectiveness  and  otherwise 
reduce  overall  system  efficiency.  The 
freezing  of  exterior  uninsulated  air  vents 
has  been  known  to  occur  and  create 


trapped  air  conditions  in  solar  piping 
systems.  Air  vents  are  typically  installed 
in  the  high  points  of  the  system  and 
above  the  air  eliminator.  Automatic 
float  vents  must  be  mounted  vertically 
and  the  cap  must  not  be  tightened 

3.2.7  Vacuum  Relief 

Criterion.  Closed  storage  tanks, 
expansion  tanks  and  piping  located  at 
elevations  above  the  system  served 
shall  be  protected  against  collapsing 
when  subjected  to  vacuum.  Such 
components  shall  be  designed  to 
withstand  negative  pressures  or  have 
vacuum  relief  protection. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Possible  collapse  of  . 
tanks  and  piping  from  being  subjected  to 
negative  pressure  is  an  important  design 
consideration  [21].  If  vacuum  relief 
valves  are  used,  it  is  important  to 
protect  them  from  freezing.  See  also 
Criterion  3.6J2.  (These  valves  are  also 
used  in  drain  down  systems  to  permit 
drainage  by  admitting  air  at  atmospheric 
pressure.) 

3.2.8  Thermal  Expansion  of  Materials 

Criterion.  This  system  components 
and  assemblies  shall  be  designed  to 
allow  for  the  thermal  expansion  and 
contraction  and  the  flexing  of  plumbing 
and  fittings  that  will  occur  over  the 
service  temperature  range. 

Evaluation.  Review  drawings, 
specifications  and  calculations. 

Commentary.  Piping,  solar  collectors 
and  other  components  may  experience 
changes  in  dimensions  as  a  result  of 
temperature  changes.  Such  changes  can 
result  in  excessive  stresses  within  the 
piping,  piping  supports  and  anchorages, 
structural  elements,  pumps,  and  solar 
collectors  if  means  are  not  incorporated 
in  the  S3fstem  design  to  allow  for  the 
thermal  movement.  These  problems  are 
especially  severe  in  long  pipe  runs  and 
pipes  with  coimecting  lines.  Movement 
due  to  thermal  changes  can  also  result 
in  inadvertent  dissimilar  metals  contact 
with  other  components  or  building 
elements,  leading  to  possible  corrosion 
problems.  See  also  Criterion  3.2.1. 

Expansion  coefficients  for  commonly 
used  materials  are  given  in  Tables  5  and 
7  of  Appendix  Section  11. 

3.2.9  Valves 

Criterion.  Valves  shall  be  specified 
and  located  to  provide  proper  and 
efficient  system  performance  and  be  in 
accordance  with  applicable  local  and 
nationally  recognized  codes  and 
standards.  Valves  shall  be  specified  and 
set  to  avoid  system  or  components 
damage. 


Evaluation.  Review  drawings  and 
specifications  for  proper  design 
application  and  code  compliance. 

Commentary.  Improper  application, 
installation,  malfunction  and  failure  of 
valves  has  caused  signiHcant  problems 
in  solar  energy  demonstration  projects. 

Valves  may  be  either  manual  or  motor 
operated.  Motor  operated  valves  that 
control  the  draindown  cycle  of  a 
draindown  type  solar  energy  system  are 
covered  in  3.6.2.  Motor  operated  valve 
installations  should  be  designed  for  fail¬ 
safe  operation  in  the  event  of  power 
failure.  Solenoid  valves  may  also 
present  problems  due  to  incomplete 
closure. 

Globe  valves  should  not  be  used  as 
isolation  (shut-off)  valves  because  of  the 
restriction  they  introduce.  Gate  or  ball 
valves  are  preferable  for  shut-off. 

Square  head  cocks,  ball  or  globe  valves 
are  commonly  used  as  balancing  valves. 
Gate  valves  are  unsuited  for  balancing. 
Temperature  and  pressure  relief  valves 
and  vented  backflow  preventors  should 
be  set  so  as  to  avoid  system  damage  and 
should  not  be  located  in  such  a  way  that 
they  can  discharge  near  personnel, 
electrical  components  and  other 
vulnerable  items.  See  also  Criterion 
4.3.1.  Because  of  the  low  flows 
generated  in  thermosiphoning,  check 
valves  used  to  prevent  such 
thermosiphoning  should  be  mounted 
carefully  to  assure  closure.  The  use  of 
control  valves  with  visual  position 
indicating  devices  is  encouraged. 

2.1.10  Pumps 

Criterion.  Pumps  shall  be  specified  to 
provide  proper  and  efficient 
performance.  Selection  and  in.stallation 
shall  be  in  accordance  with  the 
requirements  of  the  Hydraulic  Institute 
[23]  and  local  and  nationally  recognized 
codes  and  standards  where  applicable. 

Evaluation.  Review  drawings, 
manufacturer’s  literature  and 
speciHcations  for  compliance  with 
Hydraulic  Institute  Standards. 

Commentary.  Pump  selection  in 
accordance  with  the  heat  transfer  fluid 
is  important  with  respect  to  vi.scosity, 
specific  heat  and  specific  gravity.  Sizing 
of  pumps  should  consider  additional 
static  head  during  filling  operations.  In  a 
well  designed  system,  the  energy 
consumption  of  the  pump(s)  should  not 
exceed  one  to  six  percent  of  the  energy 
collected  by  the  solar  energy  system 
annually. 

Bronze  or  stainless  steel  pumps 
should  be  used  in  open  systems  to 
prevent  corrosion.  Cast  iron  pumps 
should  be  used  with  glycol/water  heat 
transfer  fluids  in  closed  systems. 
Galvanized  pumps  should  not  be  used 
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with  glycol  solutions.  Specific  coverage 
of  materials/heat  transfer  fluid 
degradation  is  given  in  5.3.1. 

In  draindown  systems,  the  pump  must 
be  a  certain  distance  below  the 
minimum  water  level  in  the  receptor 
tank  to  retain  prime  and  provide 
adequate  positive  suction  head.  Running 
air-bound  for  more  than  ten  seconds 
may  damage  the  pump. 

3.3  Air  Systems 

Requirement.  The  subsystems  and 
components  of  air  systems  shall  be 
designed  for  capacity,  temperatures, 
mechanical  stresses,  materials 
properties  and  flow  rates  to  provide 
proper  and  efficient  performance. 

Commentary.  See  6.2  and  6.3  for 
requirements  for  system  maintenance, 
servicing  and  monitoring.  Illustrations  of 
recommended  design  practices  are 
contained  in  [1,  2,  3). 

3.3.1  Duct  Design 

Criterion.  The  sizing  and  specification 
of  ducts,  duct  joints,  dampers,  air 
movers  and  other  air  handling 
components  shall  be  in  accordance  with 
recognized  standards.  Installation  shall 
comply  with  National  Fire  Protection 
Association  (NFPA)  Standards  90B,  31 
and  54  [24].  Velocities  shall  not  exceed 
the  limits  specified  below. 

Evaluation.  Review  of  plans  and 
specifications.  Design  of  all  heating  and 
cooling  duct  systems  shall  be  in 
accordance  with  recommendations  as 
applicable  in  ASHRAE  Fundamentals, 
Chapter  31  [8],  the  Air  Conditioning 
Contractors  of  America  (ACCA)  [25] 
and/or  the  Sheet  Metal  and  Air 
Conditioning  Contractors  .National 
Association  (SMACNA)  [19].  See 
Criterion  4.4.3. 

•  Commentary.  Ducts  should  be 
designed  for  the  shortest  practical  run 
and  elbows  should  be  kept  to  a 
minimum.  Constrictions  should  be 
avoided  whenever  possible.  The  use  of 
turning  vanes  should  be  considered  at 
duct  bends  to  reduce  pressure  losses. 
Recommended  air  velocities  for  main 
trunk  ducts,  air  collector  manifold  ducts 
and  air  collector  riser  ducts  fall  in  the 
range  of  700-900  ft/min  (3.6-4.6  m/s)  [19, 
26].  The  absolute  pressure  of  the  air  in 
the  collectors  should  be  slightly  negative 
and  as  close  to  atmospheric  as  possible 
to  minimize  leakage.  This  usually 
requires  the  collectors  to  be  on  the 
suction  side  of  the  air  mover. 

Air  flow  through  ducts,  filters,  heat 
exchangers,  collectors  and  other  flow 
restrictions  will  establish  the  total 
pressure  loss,  which  should  be  kept  to  a 
minimum  in  order  to  reduce  blower 
operating  cost.  Blowers  sized  near  the 
center  of  their  performance  curves  and 


the  use  of  belt-driven  fans  will  allow  for 
“tuning”  flexibility  in  air  flow;  however, 
sizing  should  also  consider  efficiency  of 
operation.  Standards  for  design,  sizing, 
construction  and  installation  of  ducts 
used  with  solar  energy  systems  are 
covered  in  Sections  3  and  7  of  Reference 
[19]. 

3.3.2  Sealing  of  Air  Systems 

Criterion.  The  following  sealing 
requirements  shall  be  used  for  the 
various  components  of  air  systems. 
Restrictions  on  the  percentage  of  air 
leakage  for  various  components  are 
given  in  Criterion  3.3.4.  Requirements  for 
sealing  according  to  high  pressure  duct 
standards  does  not  imply  that  these 
components  will  function  at  high 
pressures. 

(a)  Primary  solar  duct  system  (PSDS) 
(duct  system  between  the  collectors  and 
thermal  storage  and  the  ducts  making 
connection  to  the  space  distribution 
system;  this  does  not  include  the 
manifold-to-collector  connection):  The 
PSDS  shall  be  sealed  in  accordance  with 
Seal  Class  A  of  SMACNA  High  Pressure 
Duct  Construction  Standards  [27]  or 
otherwise  constructed  in  such  a  manner 
to  provide  equivalent  air  tightness. 
Fibrous  glass  ducts  shall  be  sealed  in 
accordance  with  SMACNA  Fibrous 
Glass  Duct  Construction  Standards  [26] 
and  any  applicable  conditions  of  listing 
for  Class  1,  UL 181  ducts  [9]. 

(b)  Space  distribution  duct  system 
(SDDS):  The  SDDS  shall  be  sealed  in 
accordance  with  Seal  Class  B,  C,  or  D  of 
SMACNA  Low  Pressure  Duct 
Construction  Standards  [28]  for  the 
appropriate  pressures  where  losses  may 
be  considered  non-detrimental.  This 
occurs  where  losses  are  to  heated  space 
and  the  components  are  not  used  to 
transport  heat  during  the  cooling  season. 
In  cases  where  leakage  is  detrimental  or 
to  unheated  spaces,  the  SDDS  shall  be 
sealed  in  accordance  with  Seal  Class  A. 
In  either  case,  construction  that  will 
provide  equivalent  airtightness  shall  be 
allowed  in  lieu  of  the  sealing 
requirements. 

(c)  Thermal  storage:  Thermal  storage 
shall  be  constructed  of  or  lined  with  low 
permeability  materials  and  sealed  or 
otherwise  fabricated  to  limit  air  leakage. 
This  is  not  intended  to  apply  to  storage 
which  is  directly  coupled  to  heated 
spaces  as  commonly  done  in  passive 
applications.  Sealing  shall  include  joints 
in  thermal  storage,  duct  and  access 
openings. 

(d)  Collector  arrays  and  other 
components:  Collector  arrays  and  other 
manufactured  components  such  as  air 
handling  units,  heat  exhangers  and 
filters  shall  be  assembled  and  sealed  in 
accordance  with  manufacturers’ 


instructions.  Sealing  shall  include  all 
joints  between  manufactured 
components  and  ducts.  Equivalent 
airtightness  shall  be  provided  for  site- 
built  collector  arrays. 

(e)  Passive  air  transporting  assemblies 
exposed  to  the  outdoors  or  semi- 
conditioned  spaces  shall  be  tightly 
constructed  in  accordance  with  energy 
conservation  guidelines  to  control  air 
infiltration  and  leakage  [29,  30,  31,  32. 

33). 

Evaluation.  Review  drawings  and 
specifications.  Airtightness  of 
equivalent  construction  shall  be 
demonstrated  by  documentation  of 
satisfactory  long-term  performance 
under  in-use  conditions  or  testing  in 
accordance  with  Criterion  3.3.4. 

Commentary.  These  requirements  are 
beyond  standard  practice  for  small  scale 
conventional  HVAC  installations. 
However  the  prevalence  of  air  leakage 
in  many  demonstration  projects  and 
evidence  of  detrimental  effect  on 
thermal  performance  dictate  these 
sealing  levels  for  all  air  solar  systems. 

(a)  PSDS:  Sealing  to  Class  A  levels 
should  limit  PSDS  leakage  to  1  percent 
of  system  operating  air  flow.  All-metal 
flexible  ducts  may  not  be  satisfactorily 
airtight  for  solar  applications  without 
extensive  sealing.  Flexible  canvas 
connections  will  probably  have  too 
much  leakage  to  be  satisfactory  in  the 
PSDS.  Checking  for  leakage  and  sealing 
leaks  are  best  accomplished  during  the 
process  of  field  assembly  before  the 
installation  is  covered  by  other 
construction.  Sealing  as  required  above 
includes  connections  to  all  ancilliary 
units  such  as  storage  and  blowers,  but 
does  not  include  manifold-to-collector 
connections. 

(b)  SDDS:  Sealing  of  SDDS  to  the 
recommended  levels  should  limit  air 
leakage  to  5  percent  of  system  operating 
air  flow  for  Class  B,  C  or  D  sealing  and 
to  one  percent  for  Class  A. 

(c)  Thermal  Storage:  Thermal  storage 
using  metal  as  the  airtight  barrier  may 
be  sealed  in  accordance  with  Seal  Class 
A  and  should  achieve  air  leakage  rates 
of  one  percent  or  less  system  operating 
air  flow.  Thermal  storage  using  plastic 
may  be  appropriate  for  similar 
treatment.  Construction  involving  wood, 
masonry  or  other  porous  materials  may 
call  for  other  methods,  but  techniques 
which  would  make  the  container 
watertight  while  simultaneously  being 
able  to  withstand  all  service 
temperatures  would  seem  appropriate. 
The  objective  of  such  sealing  should  be 
to  limit  leakage  to  1  to  5  percent  of 
system  operating  air  flow. 

Concrete  should  be  considered 
potentially  porous  and  may  require 
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lining  and  sealing  to  bring  air  leakage 
within  acceptable  limits.  Problems 
associated  with  shrinking,  warping  and 
cracking  should  be  considered  when 
detailing  storage  containers  made  of 
wood. 

d.  Collector  arrays  and  other 
components:  In  designing  collectors,  air 
handling  units,  heat  exchangers,  etc.,  for 
solar  applications,  designers  should  pay 
particular  attention  to  details  of 
construction  and  field  installations  that 
will  minimize  air  leakage.  Airtightness 
of  manufactured  as  well  as  site-built 
units  may  be  addressed  through 
numerous  techniques  including  basic 
product  configuration  and  materials 
selection  as  well  as  factory  installed 
gaskets,  felts,  mastics  etc.  Careful 
attention  to  the  collector-to-manifold 
connection  detail  will  result  in 
decreased  leakage.  Reference  [34] 
discusses  the  effect  of  air  leakage  on 
system  performance. 

(e)  Passive  air  transporting 
assemblies:  Since  air  pressures  in 
passive  systems  are  essentially  those 
generated  by  natural  buoyance,  good 
construction  practices  used  for  the 
control  of  infiltration  should  provide 
acceptable  airtightness.  Attention  to  the 
quality  of  construction  for  leakage 
control  is  very  important,  however, 
because  the  surface  areas  involved  in 
passive  air  transporting  assemblies  are 
sometimes  very  large  and  allow  many 
opportunities  for  leaks. 

3.3.3.  Damper  Leakage 

Criterion.  Volume  control  dampers 
and  back  draft  dampers  in  the  PSDS 
shall  comply  with  SMACNA  Solar 
Installation  Standards  [19]  and  shall 
have  resilient  blade  edges,  such  as  felt, 
or  otherwise  constructed  to  insure  tight 
cutoff  of  the  air  stream. 

Evaluation.  Review  drawings  and 
specifications  to  determine  that  correct 
damper  type  is  specified. 

Commentary.  Damper  leakage  has  a 
major  effect  on  the  performance  of  the 
system.  Analysis  of  some  operating 
systems  has  shown  a  40  percent  system 
performance  loss  due  to  leaky  dampers 
[35j.  Leaking  back  draft  dampers  have 
allowed  cold  night  air  to  circulate  over 
DHW  coils  and  cause  freezing.  Leaking 
should  be  limited  to  2  to  5  percent  on 
critical  dampers,  particularly  those 
which  serve  to  isolate  the  collector  loop 
from  the  rest  of  the  system.  Carefully 
designed,  constructed  and  installed 
dampers  should  be  capable  of  meeting 
this  level  of  performance.  Details  of 
damper  design  are  as  important  in 
assuring  tight  cutoff  over  an  extended 
service  life  as  the  materials  used. 
Adequate  sealing  can  be  achieved  using 
felt,  vinyl,  foamed  plastic  and  other 


materials.  Specially  designed  “low 
leakage"  dampers  may  be  required. 

Many  seal  materials  are  especially 
prone  to  deterioration  after  a  period  of 
use.  Access  ports  should  be  provided  for 
inspection  and  periodic  maintenance. 

See  Criterion  6.2.2  for  access 
requirements.  Lightweight  back-draft 
dampers  used  in  passive  applications, 
i.e.  Trombe  walls,  are  discussed  in 
Criterion  3.4.1. 

3.3.4  Air  Leak  Testing 

Criterion.  Specification  for 
installations  with  more  than  1500  ft^  (139 
m’O  of  total  active  collector  gross  area 
shall  contain  provisions  for  testing  in 
accordance  with  Chapter  10  of 
SM  ACNA  High  Pressure  Duct 
Construction  Standards  [27].  A  minimum 
of  25  percent  of  each  of  the  following 
portions  of  the  system  for  each  category 
(unheated  or  non-detrimental  loss]  shall 
be  arbitrarily  selected  and  tested.  Leaks 
shall  be  corrected  to  restrict  leakage  to 
the  percentages  o^  total  system  design 
air  flow  rate,  as  indicated  below.  If 
losses  from  ducts  and  storage  are  into 
the  heated  space  and  these  portions  of 
the  system  are  not  used  during  the 
cooling  season,  the  losses  shall  be 
considered  non-detrimental. 


Un-  Nondet- 
heated  rimental 
spaces  losses 


Primary  solar  duct  system  (percent) .  2  2 

Space  distribution  duct  system  '  (per¬ 
cent) .  2  to 

Thermal  storage  ’  (percent) . . .  2-10  10 

Collector  array  (percent) .  15  N/A 


'Systems  exempt  from  this  requirement  are  defined  in 
Criterion  3.3.2b. 

’Varies  according  to  material  of  construction.  See  Crite¬ 
rion  3.3.2c  (Commentary). 

Evaluation.  For  active  system,  leak 
testing  shall  be  performed  in  accordance 
with  SMACNA  High  Pressure  Duct 
Construction  Systems  [27]  as  applicable. 

These  threshold  leakage  limits  are 
based  on  the  achievable  levels  noted  in 
Criterion  3.3.2  for  each  portion  of  the 
system. 

Commentary.  Higher  leakage  rates  for 
the  PSDS  in  non-detrimental  loss 
situations  are  not  allowed  because 
control  of  energy  flows  in  the  solar 
system  is  of  critical  importance. 
Uncontrolled  leakage,  even  to  heated 
spaces,  may  result  in  inefficient 
utilization  of  thermal  storage  and  thus, 
higher  auxiliary  energy  use. 

In  order  to  perform  leakage  tests,  it 
may  be  necessary  to  make  provisions 
for  blanking  dampers  at  various 
locations  in  the  system. 

In  small  installations,  not  governed  by 
this  requirement,  it  may  be  desirable  to 
conduct  simple  leak  tests  by  operating 
the  system  (with  outlets  appropriately 


covered  over)  and  feeling  or  listening  for 
points  of  leakage  or  introducing  smoke 
from  a  smoke  bomb  or  other  chemical 
source  and  making  a  visual  inspection. 

Correct  duct  design  can  significantly 
impact  air  leakage  (see  Criterion  3.3.2). 
References  [34,  36]  discuss  certain 
aspects  of  air  leakage  in  air  systems. 

For  passive  systems,  a  method  of 
checking  for  gross  leakage  is  to  conduct 
a  careful  visual  inspection  at  night  with 
strong  light  sources  inside  the  building. 
Leakage  paths  will  be  revealed  by  the 
presence  of  visual  openings.  Another 
technique  that  may  be  useful  for 
determining  building  tightness  is  the  fan 
pressurization  or  depressurization 
procedure  [37].  Tracer  gas  decay  and  air 
bag  techniques  might  also  be  useful. 
Section  301.4  of  Reference  [30]  gives 
quantitative  information  for  air  leakage 
rates  for  some  building  components  and 
includes  a  standard  test  method  for  air 
leakage. 

Differences  between  the  above  values 
for  loss  rates  and  those  in  the 
commentary  of  3.3.2  reflect  the 
difference  between  what  is  achievable 
(1%,  5%)  and  what  may  be  considered  a 
reasonable  minimum  (2%,  10%). 

3.3.5  Air  Quality 

Criterion.  Adequate  means  shall  be 
provided  to  prevent  the  accumulation  of 
dust,  dirt  or  water  or  gases  that  could 
result  either  in  a  reduction  of  system 
efficiency,  deterioration  of  system 
components,  or  discomfort  of  building 
occupants. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  The  gravel  used  for  rock 
bed  storage  with  air  systems  should  be 
selected  for  size  and  freedom  from  dirt 
and  dust.  The  use  of  smooth  and 
washed  material  and  of  filtered  air  is 
desirable.  Health  requirements  for  air 
quality  are  given  in  Criterion  4.1.4. 

ASTM  C-33,  “Specification  for 
Concrete  Aggregate,"  gives  some 
guidelines  that  are  helpful  for  quality 
control  of  gravel. 

To  facilitate  rock  bed  washing  to 
remove  drain  water  that  may  have 
leaked  into  the  storage  container,  or  to 
remove  condensed  moisture,  it  may  be 
desirable  to  construct  rock  storage 
containers  with  water  resistant  interior 
surfaces  and  drainage  provisions. 

Drains  should  not  be  the  normal  water 
trap  type  because  the  water  will 
probably  be  evaporated  by  the  heat 
from  storage,  thereby  destroying  the 
trap  and  allowing  sewer  gases  to 
escape.  Better  arrangements  might 
simply  employ  a  removable  plug  or 
value  in  the  bottom  corner  of  the  rock 
bed. 
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In  air  collectors,  performance 
reduction  due  to  internal  dirt 
accumulation  from  the  system  may  be  a 
significant  problem.  In  collectors  where 
air  flow  is  in  contact  with  a  glazing, 
normal  dirt  build  up  from  air  drawn 
from  occupied  spaces  could  cause  a 
deterioration  of  heat  transfer  ability  and 
spectral  properties  of  the  absorber.  High 
temperatures  could  bake  on  such 
deposits.  Filtering  of  such  air  flow  may 
be  desirable. 

A  similar  situation  may  exist  in 
passive  systems  with  air  circulation 
(Trombe  walls,  air  thermosiphons,  etc.) 
where  dirt  deposits  may  occur  on 
absorber  or  glazed  surfaces.  Because  of 
the  low  air  velocities  involved,  filtration 
may  be  impractical  and  access  for 
cleaning  should  be  considered. 

3.4  Building  solar  (passive) 
components 

Requirement.  Proper  and  reliable 
techniques  and  devices  shall  be 
provided  to  distribute,  control  and 
prevent  the  loss  of  passively  collected 
solar  energy. 

Commentary.  References  [38,  39,  40) 
provide  a  full  discussion  of  the  technical 
aspects  of  passive  solar  design. 

3.4  Energy  Transport  and  Distribution 

Criterion.  Mechanical  devices,  when 
used,  in  conjunction  with  passive  solar 
components  for  energy  transport  and 
distribution  shall  provide  proper  and 
reliable  performance. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Inadequate  or 
inefficient  energy  distribution  systems 
have  been  reported  as  one  of  the  most 
common  design  faults  in  passive 
projects  in  the  demonstration  program. 

Passive  systems  rely  primarily  upon 
natural  means  of  energy  flow.  However, 
some  designs  work  more  effectively 
when  supplemented  by  devices  that 
enhance  and/ or  control  this  movement. 
The  concern  includes  location,  sizing 
and  details  of  devices  including 
powered  means  of  distributing  thermal 
energy  as  well  as  controlling  excessive 
temperatures  (perhaps  by  exhausting 
excessive  heat). 

Of  particular  concern  are  vent  and 
damper  devices  that  permit  convective 
air  flow,  prevent  thermosiphoning  and 
exhaust  hot  air  to  prevent  overheating 
or  to  induce  ventilation. 

Thermocirculation  control  vents 
should  avoid  undue  restriction  to  air 
flows  and  provide  airtight  closure 
against  backdraft.  Lightweight  (1  to  1.5 
mil)  plastic  film  one-way  dampers  have 
demonstrated  adequate  performance  in 
Trombe  wall  applications.  The  vent 
opening  with  which  they  operate  must 


also  be  well  constructed  to  assure  a 
tight  fit.  A  backing  of  wire  mesh  or  other 
means  may  be  required  in  larger  vent 
openings  or  when  strong  drafts  are 
anticipated  to  prevent  suction  of  the  film 
into  the  openings.  Typically  the  size  of 
these  vents  are  approximately  1  percent 
of  the  Trombe  wall  area  (this  percentage 
being  for  the  lower  vents  with  upper 
vents  of  equal  size).  Reference  [38] 
provides  a  full  discussion  of  the  effects 
of  vent  size  on  thermal  performance. 

A  number  of  areas  of  potential 
mechanical  inadequacy  should  be  noted: 

(a)  Lightweight  backdraft  dampers 
may  be  fragile  and  of  limited  reliability. 
Su^  components  should  be  accessible 
for  inspection  and  repair. 

(b)  Overheat  vents  may  be  located  in 
remote  positions  and  be  operated  only 
on  a  periodic  basis.  Such  vents  should 
be  accessible  for  inspection  and 
cleaning  to  assure  effective  opening  and 
closure. 

(c)  Thermally  activated  operators 
such  as  freon  cylinders  and  liquid 
pistons  should  be  selected  for  reliable 
service  and  installed  in  a  manner  which 
will  allow  periodic  inspections. 

(d)  Installations  of  heat  pipes  and 
thermic  diode  assemblies  should  be 
done  with  a  recognition  of  the  need  for 
future  inspection  and  possible  removal 
for  testing  or  recharging. 

3.4.2  Movable  Insulation 

Criterion.  Manual  or  automatic 
movable  insulation  shall  be  designed 
and  installed  for  proper  perimeter 
sealing  and  reliable  manipulation, 
operation  and  storage. 

Evaluation.  Review  of  drawings  and 
specifications,  especially  for  details  of 
fit  and  closure  of  insulation  at  the 
perimeter  of  glazed  openings. 

Commentary.  There  are  three  general 
categories  of  movable  insulation 
applications:  manual,  thermally  driven 
and  motor  driven.  Some  applications 
combine  movable  insulation  with 
shading  and/or  reflection  devices.  To  be 
effective,  surface  mounted  insulation 
must  make  a  tight  and  well-sealed  cover 
for  the  aperture  to  prevent  drafts  behind 
the  insulation  panel  which  will  render  it 
ineffective.  Night  insulation  is  likely  to 
improve  performance  more  than  double 
glazing  if  a  tight  seal  is  achieved.  The 
higher  the  R-value  of  the  insulation,  the 
tighter  the  air  seals  it  ^ould  have. 
Unless  the  edges  are  adequately  sealed, 
an  R-factor  greater  than  five  is 
questionable  [39].  Some  of  the 
techniques  used  to  provide  effective 
seals  include  channels  or  slots  in  jambs 
and  sills,  magnets,  weights,  and  fHction 
fit 

Of  particular  concern  is  the  potential 
for  binding,  racking  and  inadequate 


closme  of  the  large  area  coverage 
devices.  Also,  there  have  been  problems 
with  blowers  and  suction  equipment  in 
some  applications  utilizing  pelletized  or 
granular  movable  insulation  materials. 
Condensation  between  tight  fitting 
insulation  and  glazing  has  been  a 
problem.  See  Criterion  4.3.3  for  fire 
hazards  of  insulation. 

For  further  discussion  including 
guidelines  and  assessment  methods,  see 
References  [37,  39]. 

3.5  Control  System 

Requirement.  The  control  system  shall 
be  designed  to  operate  the  solar  and 
auxiliary  H/C/HW  system  in  a  proper 
and  efficient  manner. 

Commentary.  See  Criteria  2.7.1 
through  2.7.5.  Control  systems  have  been 
found  to  be  a  major  source  of 
operational  difficulties  in  Federal 
demonstration  programs  as  described  in 
the  National  Solar  Data  Network  [41]. 
Reference  [42]  also  gives  guidelines  for 
control  systems  and  components. 

3.5.1  Inhabited  Space  Temperature 
Control. 

Criterion.  Each  space  conditioning 
system  shall  be  capable  of  providing 
occupied  space  temperature  regulation 
by  at  least  one  adjustable  control 
capable  of  adjustment  within  a 
minimum  range  from  55°  F  to  75°  F  (13°  C 
to  23°  C)  where  used  to  control  heating 
only  and  70°  F  to  85°  F  (20°  C  to  30°  C) 
where  used  to  control  cooling  only  and 
55°  F  to  85°  F  (13°  C  to  30°  C)  where  used 
to  control  both  heating  and  cooling. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Controls  may  be 
automatic  or  manual.  This  is  intended  to 
include  manual  adjustment  of  devices 
such  as  wood  stoves  used  as  auxiliary 
or  back-up.  Localized  controls  for 
building  heating  and  cooling  are 
discussed  in  Reference  [1].  See  also 
Section  2.2.2  for  requirements  for 
auxiliary  heating  systems  size. 

3.5.2  Domestic  Hot  Water  Temperature 

Criterion.  The  temperature  control  for 
the  combined  solar  and  auxiliary  energy 
source  shall  be  capable  of  adjustment 
over  the  range  of  temperatures 
acceptable  for  the  intended  use. 

Evaluation.  Review  of  drawings  and 
specifications.  Review  mechanical 
design  for  compliance  with  Criterion 
4.3.4. 

Commentary.  Small  residential  DHW 
tanks  are  typically  equipped  with  a 
thermostat  capable  of  controlling 
heating  in  the  temperature  range  of  120° 
F  to  160°  F  (49°  C  to  66°  C).  Temperature 
control  devices  used  with  solar  energy 
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systems  must  be  compatible  with  safety 
requirements  and  may  require  the 
capability  to  cool  the  discharged  water 
as  does  a  tempering  valve.  Controls  and 
valves  should  fail-safe  to  a  position  that 
would  prevent  scalding  of  a  hot  water 
user  (see  Criterion  4.3.4}. 

3.5.3  System  Temperature  and  Pressure 
limit  Control 

Criterion.  Controls  shall  maintain  the 
H/C/HW  system  within  the  temperature 
and  pressure  operating  hmits  of  the 
equipment  specified  in  the  design.  See 
also  2.3.1  and  4.3.4. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Control  provisions  may 
be  required  for  the  dumping  of  heat 
when  temperatures  approach 
unacceptable  levels.  Under  such 
conditions,  deterioration  of  components 
may  occur  and/or  system  function  may 
be  impaired  due  to  such  factors  as 
boiling,  vapor  locks,  cavitation, 
degradation  of  insulation  and  seals  and 
unacceptable  expansion  of  fluide  or 
materials.  Bleeding  in  of  cold  water  to 
replace  hot  water  in  storage  is  one 
means  of  achieving  this  control.  For 
safety  in  use  provisions,  see 
Requirement  4.3. 

In  systems  that  are  not  capable  of 
withstanding  thermal  shock  created  by 
filling  hot  collectors  with  cool  fluids, 
control  subsystems  may  be  required  to 
protect  the  system  from  cold  filling. 

Such  controls  would  limit  filling  to  non¬ 
insolation  periods. 

Thermal  shock  and  cycling  stresses 
can  be  severe  over  the  life  of  many 
system  components  and  both 
mechanical  and  control  designs  of  the 
system  should  optionally  minimize  these 
effects.  Some  collector  types  such  as 
evacuated  glass  tubular  collectors  may 
be  especially  sensitive  to  these  stresses. 
Provisions  for  thermal  shock  resistance 
of  components  and  materials  are  given 
in  Criterion  5.2.3. 

3.5.4  Temperature  Sensor  Installation 

Criterion.  Temperature  control 
sensors  shall  be  specified  to  be  installed 
in  a  manner  as  to  provide  proper  system 
control.  See  Criterion  2.7.1. 

Evaluation.  Review  drawings, 
specifications  and  system  diagrams. 

Commentary.  Problems  of  sensors 
giving  erroneous  readings  of  system 
operating  conditions  have  been 
experienced  because  of  heating  or 
cooling  in  the  immediate  vicinity  of  the 
sensors  due  to  extraneous  heat  flows 
and  improper  physical  placement  of  the 
sensors.  Degraded  performance, 
incorrect  calculation  of  system 
performapce,  or  system  failure  by 
freezing  can  result  from  such  erroneous 


readings.  Problems  have  occurred  with 
sensor  installations  for  storage 
containers  as  well  as  collector 
components. 

The  sensor  should  be  in  direct  contact 
with  the  measured  object  or  substance. 
Heat  transfer  pastes  may  be  used  to 
increase  contact  areas.  Sensors  for 
sensing  fluid  temperatures  should  be 
immersed  directly  in  fluids  or  in  direct 
contact  with  the  containment  device. 
Insulation  of  sensors  from  extraneous 
heat  flows  can  increase  the  accuracy  of 
the  readings  obtained  fi-om  them. 

Location  of  sensors  based  on  their 
influence  on  system  thermal 
performance  is  specified  in  Criterion 
2.7.1.  Reference  [43]  gives  guidance  in 
the  correct  installation  of  sensors  and 
probes. 

3.5.5  Auxiliary  System  Control 

Criterion.  Provisions  shall  be  made  in 
the  control  system  to  allow  separate 
operation  of  the  auxiliary  system. 

Evaluation.  Review  drawings, 
specifications  and  control  system. 

Commentary.  Installations  with 
integrated  solar  and  auxiliary  control 
systems  have  caused  the  auxiliary 
heating  system  to  become  inoperative 
when  the  control  failed  on  the  solar 
side.  Such  failure  leaves  the  building 
without  any  heat. 

Separate  control  provisions  are  also 
desirable  with  integrated  solar  cooling 
control  systems  but  failure  of  such 
controls  will  not  result  in  a  level  of 
hazard  comparable  to  failure  of  the 
heating  system.  In  most  systems,  it  is 
desirable  that  controls  be  designed  so 
that  the  solar  components  and  auxiliary 
components  will  operate  both  jointly 
and  independently. 

3.5.6  Tracking  Collector  Controls 

Criterion.  Control  devices  and  drive 
mechanisms  of  tracking  collectors  shall 
be  capable  of  maintaining  the  focus  of 
collectors  on  the  daily  path  (or 
reflection)  of  the  sun  within  design 
limits.  For  tracking  collectors  that 
cannot  tolerate  stagnation,  control 
devices  shall  be  capable  of  moving  the 
collectors  off-focus  during  no-flow 
periods  or  other  protective  measures 
shall  be  provided. 

Control  devices  shall  be  specified  to 
automatically  stow  the  collectors  if  the 
wind  velocity  exceeds  the  specified 
limits;  otherwise,  the  collectors  shall  be 
designed  to  withstand  maximum  record 
wind  speeds  at  that  location. 

Evaluation.  Review  of  past 
performance  data,  drawings  and 
specifications. 

Commentary.  Malfunction  of  sensors 
and  associated  circuitry,  elongation  and 
slippage  of  cables,  shearing  of  gears. 


and  binding  of  rotational  elements  have 
resulted  in  improper  tracking  and 
reduced  performance  of  the  collector  ■] 
array. 

3.5.7  Control  Wiring 

Criterion.  Design  of  control  wiring,  for 
exterior  use,  shall  be  suitable  for 
weather  exposure  or  protected  from 
weathering.  Control  wiring  shall  be 
selected  and  installation  tpecified  to 
prevent  damage  and  breakage  of  wiring. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Control  wiring  should 
be  in  general  compliance  with  Section 
725  of  the  National  Electric  Code  [44]. 

All  wires  and  cables  should  be 
supported  along  runs  and  electric  cable 
should  be  securely  anchored  to  junction 
boxes.  Some  control  devices  may 
require  shielded  control  wires  to  prevent 
electromagnetic  interference.  Wire  runs 
should  be  soldered  (using  rosin  flux]  to 
obtain  the  most  accurate  signal 
transmission.  Some  devices  require 
protection  from  soldering  termperatures. 

3.6  Freeze  Protection 

Requirement.  System  components 
shall  be  protected  from  or  tolerant  of 
damage  by  freezing  of  heat  transfer 
liquids  at  the  lowest  ambient 
temperatures  that  will  be  encountered  in 
actual  use. 

Commentary.  Various  methods  of 
freeze  protection  are  available  including 
the  use  of  freeze-inhibited  fluids  such  as 
glycol  solutions  and  oils,  warm  water  • 
circulation  and  drain  down.  Antifreeze 
solutions  and  oils  are  incompatible  with 
many  standard  seal  materials.  Studies  of 
the  freeze  associated  problems  are 
detailed  in  Reference  [45]. 

3.6.1  Antifreeze  Concentration 

Criterion.  Systems  using  antifreeze 
solutions  shall  have  an  adequate 
concentration  of  antifreeze  to  prevent 
freezing  at  the  coldest  ambient 
temperatures  expected  to  occur  in  the 
geographic  location  for  which  they  are 
installed. 

Evaluation.  Review  specifications  and 
weather  data. 

Commentary.  At  the  approach  of  cool 
weather,  the  antifreeze  content  should 
be  checked  for  proper  concentration. 
System  leaks  and  improper  solution 
make-up  may  result  in  inadequate 
concentrations.  For  this  reason,  the  use 
of  automatic  water  only  make-up 
techniques  are  not  recommended.  See 
Criteria  6.1.5  and  6.2.1  and  Requirements 

4.1  and  4.2.  Reference  [45]  provides 
detailed  recommendations  for  antifreeze 
systems. 
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3.6.2  Draindown,  Drainback  Systems 

Criterion.  Systems  using  automatic 
drain  down  for  freeze  protection  shall 
provide  for  complete  and  timely 
drainage  of  components  exposed  to 
freezing  conditions  by  the  proper 
combination  of  sensing  and  control 
mechanisms,  valves,  vents,  pipe  slopes, 
flow  and  pressure  control. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Reference  [20,  45] 
provide  detailed  recommendations  for 
draindown  systems.  Draindown  systems 
require  control  provisions  to  provide 
venting  for  draining  and  refiU  (see 
Criterion  3.2.7)  and  may  require  special 
provisions  to  prevent  corrosion  of 
system  components  during  these 
operations.  For  this  reason,  pumps  for 
open  systems  using  water  as  the  heat 
transfer  liquid  should  be  either  bronze 
or  stainless  steel.  Pumps  in  closed 
systems  may  be  cast  iron.  See  Criterion 
3.2.10. 

Automatic  air  vents,  vacuum  relief 
valves  and  drain  down  valves  should  be 
insulated  to  protect  them  from  freezing. 
The  rate  of  draindown  should  be  such 
that  ice  blockages  do  not  form  in  the 
process  of  draindown.  It  is  important 
that  draindown  systems  be  designed 
and  installed  so  that  all  lines  are  pitched 
to  drain  a  minimum  of  inch  per  foot 
(21  mm/meter)  since  roof  deflection  can 
counter  this  by  as  much  as  Vio  inch  per 
foot  (8  mm/meter]  and  that  lines  are 
adequately  supported  and  that  joints  are 
leaktight.  In  air  assisted  draindown 
systems,  moisture  laden  warm  air  may 
be  drawn  from  storage  into  exterior 
components.  If  this  is  not  prevented,  the 
moist  air  can  freeze  a  control  valve  or 
create  blockage  in  the  exposed  collector 
loop  resulting  in  more  severe  freeze 
problems. 

Fail-safe  freeze  protection  methods 
are  desirable  since,  in  the  event  of 
power  failure,  freeze  protection  methods 
involving  pumps,  heaters  and  valves 
that  require  electric  power  will  be 
inoperative. 

Draindown  systems  are  frequently 
designed  to  drain  at  an  outdoor 
temperature  of  about  38“  F  (3*  C)  and  to 
refill  at  about  42°  F  (6°  C).  Such  set 
points  may  be  used  but  with  the  penalty 
of  not  collecting  useful  energy  when 
solar  radiation  is  available  at  the  time  of 
cold  ambient  temperatures.  This 
problem  can  be  avoided  by  initiating 
drain  down  based  on  the  collector 
absorber  plate  temperature.  The 
temperature  sensor  initiating  drain 
down  should  be  located  on  the 
component  having  the  smallest  thermal 
time  constant.  Collector  panel  time 
constants  are  available  from  the 


ASHRAE  test  [5].  However,  the  water 
pipe  time  constant  would  have  to  be 
calculated  based  on  its  heat  capacity 
and  insulation  R-value. 

The  hardness  or  mineral  content  of 
the  water  used  in  drain  down  systems 
should  be  evaluated  for  the  potential 
build-up  of  scaling  products  in  piping, 
valves  or  collector  passages.  See 
Criterion  3.2.3. 

The  collector  loop  holding  tank  or  the 
expansion  tank  should  be  properly 
located  with  respect  to  the  system 
pumps  and  should  be  placed  in  a  warm 
space.  Water  level  indication  should  be 
marked  on  the  storage  tank  clearly 
distinguishing  between  the  appropriate 
water  level  during  normal  operation  and 
level  at  drainback  to  allow  adequate 
capacity  for  drainage.  The  control 
valves  should  be  properly  located,  be  air 
and  water  tight,  and  fail  safe  in  a 
manner  that  assiures  system  drainage. 

3.6.3  Power  Operated  Protection 

Criterion.  Systems  using  the 
circulation  of  warm  water  or  other 
methods  that  use  electrical  power  for 
freeze  protection  shall  have  provisions 
for  back-up  protection  of  the  system  in 
the  event  of  power  failure.  The  method 
and  degree  of  automation  of  back-up 
protection  shall  be  related  to  the 
probability  of  concurrence  of  power 
failure  with  freezing  conditions  and  the 
presence  of  operating  personnel. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Continuous  circulation 
of  heat  transfer  fluid  should  not  be  used 
for  freeze  protection  due  to  the 
excessive  energy  loss  this  causes.  Pulse 
or  intermittent  warm  water  circulation 
or  heat  tapes  may  be  justified  in  very 
mild  climates  where  freezing 
temperatures  are  infrequent. 

Back-up  protection  methods  should  be 
selected  for  the  level  of  potential  risk 
that  is  projected.  If,  for  example,  records 
indicate  freezing  will  occur  once  every 
20  years,  the  probability  of  this 
happening  concurrently  with  a  power 
failure  and  with  no  one  present  to 
manually  drain  the  system  is  probably 
acceptably  low  and  reliance  on  simple 
manual  drain  methods  would  be 
justified.  For  small  HW  systems,  manual 
methods  might  be  considered  acceptable 
for  somewhat  more  frequent  freezing 
recurrence  intervals.  Larger  systems 
would  probably  warrant  consideration 
of  more  automated  back-up  provisions 
such  as  automatic  drain  down  or 
possibly  even  stand-by  electrical 
generation.  Back-up  stand-by  power  is 
probably  most  feasible  where  it  is  being 
considered  for  other  back-up  reasons  as 
well.  Reference  [46]  contains  a  detailed 


discussion  of  freeze  protection  for  warm 
climates. 

3.G.4  Freeze  Tolerant  Designs 

Criterion.  Components  that  will 
experience  freezing  conditions  (based 
upon  20  year  extreme  weather  data)  and 
are  not  provided  with  specific  freeze 
protection  techniques  shall  be  capable 
of  withstanding  freezing  conditions  and 
perform  reliable  after  exposure  to  such 
conditions. 

Evaluation.  Review  drawings  and 
specifications.  Freeze  tolerance  of 
collectors  shall  be  tested  in  accordance 
with  test  method  7.6  of  NBSIR  78-1305A 
14). 

Commentary.  Stresses  in  collector 
assemblies  caused  by  differential 
thermal  expansion  and  contraction  and 
to  freezing  of  heat  transfer  fluids,  if  any, 
can  cause  permanent  damage: 
distortions,  dislocations  and  bursting  of 
collector  components.  Care  is  necessary 
to  insure  that  all  components  exposed  to 
freezing  conditions,  not  just  collectors, 
be  freeze  tolerant.  Also,  differential 
controllers  should  not  allow  pumps  to 
start  when  the  upper  part  of  the 
collector  warms  and  melts  while  the 
lower  part  is  still  blocked  with  ice. 

Water  wall  units,  drums,  etc.,  normally 
thought  to  be  protected  may  be  exposed 
to  freezing  conditions  during  extreme 
conditions,  Le.  when  buildinig  is 
shutdown  in  the  winter.  Under  ordinary 
operation  conditions,  these  water  walls 
would  be  protected  by  auxiliary  back 
up. 

Designs  which  utilize  vacuum 
insulation  for  protection  can  freeze  if 
this  vacuum  is  lost  due  to  leakage  or  for 
other  reasons.  Freeze  tolerant  designs 
should  be  tested  for  reliability.  A 
proposed  test  for  evaluating  the  freeze 
resistance  of  solar  collectors  under  in- 
use  conditions  is  described  in  test 
method  7.6  given  in  NBSIR  78-1305A  (4). 
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sufficient  to  cause  disease  or  harmful 
physiological  effects. 

4.1.1  Protection  of  Potable  Water 

Criterion.  Potable  water  shall  not 
come  in  contact  with  materials  that 
affect  the  taste,  odor  or  physical  quality 
and  appearance  of  the  water  in  an 
undesirable  manner. 

Evaluation.  Review  of  plans  and 
specifications.  The  quality  of  the  water 
shall  be  in  compliance  with  the  National 
Interim  Primary  Drinking  Water 
Regulation  [1].* 

Commentary.  This  criterion  is  not 
intended  to  preclude  using  dyes  suitable 
for  ingestion  as  a  means  for  the 
detection  and  warning  of  leaks  in  the 
system. 

4.1.2  Separation  of  Circulation  Loops 

Criterion.  Potable  water  systems  shall 
be  separated  from  circulation  loops  of 
systems  utilizing  non-potable  heat 
transfer  or  thermal  storage  fluids  by  a 
minimum  of  two  physically  separated 
walls  or  interfaces  between  the  potable 
water  supply  and  the  non-potable  liquid 
or  shall  be  protected  in  such  a  manner 
that  equivalent  safety  is  provided. 
Alternative  protection  shall  be  provided 
in  a  manner  acceptable  to  the  applicable 
authorityfies)  having  jurisdiction. 

Evaluation.  Review  drawings  and 
specifications.  Alternate  levels  of 
protection  shall  be  directly  related  to  the 
toxicity  potential  of  the  heat  transfer 
fluid  used.  For  example,  a  suggested 
guideline  for  levels  of  protection  is 
currently  being  examined  by  ASME.  ‘ 

Commentary.  It  is  very  difficult  for  the 
system  designer  to  assess  the  safety  of 
the  heat  transfer  fluids  that  are  currently 
on  the  market.  It  is  also  very  difficult  for 
the  designer  to  determine  the  safeguards 
that  must  be  taken  to  ensure  safe  system 
operation.  Data  are  available  in  the 
literature  that  rank  various  heat  transfer 
liquids  on  the  basis  of  their  relative 
toxicity.^  These  data  do  not  indicate  the 
cut-off  points  at  which  various  degrees 
of  protection  must  be  taken;  however, 
consensus  standards  (in  development)  ' 
consider  these  relationships  for  solar 
applications.  This  problem  is 
compounded  by  factors  such  as:  (1)  the 
use  of  additives  to  modify  fluid 
properties;  (2)  the  possible  formation  of 
harmful  decomposition  products,  e.g.  by 
thermal  degradation;  (3)  dilution  of  the 
heat  transfer  fluid  in  the  potable  water 
stream,  should  failure  occur,  will  help  to 
reduce  the  level  of  toxicity  hazard;  (4) 
the  fact  that  liquids  are  generally 
available  in  varying  grades  of  chemical 
purity;  (5)  the  possibility  that  the  system 
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end  of  this  chapter. 


will  be  refilled  in  the  future  with  a 
hazardous  liquid;  and  (6)  the  possibility 
that  the  circulation  in  a  closed  loop 
system  for  prolonged  periods  of  time 
will  even  result  in  the  contamination  of 
potable  liquids,  e.g.  by  metal  ion 
buildup.  Thus,  one  must  consider  the 
attributes  of  the  actual  fluid  as  used  in 
the  system. 

’  The  following  guidelines,  which  relate 
degree  of  toxicity  to  the  extent  of  protection 
provided,  are  drawn  from  a  preliminary  draft 
standard  prepared  by  the  ASME  Solar  Energy 
Standards  Committee  and  may  be 
superceded  by  future  standards  issued  by 
ASME. 

Single  wall*  separation  is  acceptable  when 
used  with  tap  water  suitable  for  drinking  or  a 
heat  transfer  fluid  with  a  probable  oral  lethal 
dose  (human)  above  the  level  of  15  g/kg 
which  contains  a  suitable  indicator.** 

Single  wall*  separation  with  two 
independent  additional  methods  of 
protection***  is  required  then  used  with  a 
heat  transfer  fluid  with  a  probable  oral  lethal 
dose  (human)  between  5  and  15  g/kg  which 
contains  a  suitable  indicator**  or  for  a  fluid  . 
with  a  probable  oral  lethal  dose  of  above  15 
g/kg  which  does  not  contain  a  suitable 
indicator.** 

Double  wall*  separation  with  one 
additional  level  of  protection***  is  required 
when  used  with  a  heat  transfer  fluid  with  a 
probable  oral  lethal  dose  between  5  and  15  g/ 
kg  which  contains  no  suitable  indicator.** 

Double  wall*  separation  assembled  so  as 
to  provide  a  visual  or  physical  detection  of  a 
leak  in  either  wall  to  the  atmosphere,  is 
required  with  a  heat  transfer  fluid  with  a 
probable  oral  lethal  dose  of  0.5  to  5  g/kg  or 
that  contains  any  substance  known  to  be 
carcinogenic,  mutagenic,  tetratogenic  or  to 
bioaccumulate  in  humans  or  laboratory 
animals. 

No  heat  transfer  fluid  which  exceeds  the 
toxicity  level  of  a  probable  oral  lethal  dose  of 
.5  g/kg  shall  be  used. 

*The  materials  used  for  separation  walls 
must  be  compatible  with  the  heat  transfer 
fluid  used  so  as  to  retard  corrosion.  Materials 
in  contact  with  the  potable  water  shall 
comply  with  the  applicable  plumbing  code 
requirements  for  water  piping.  The 
performance,  including  corrosion  resistance, 
of  a  double  wall  assembly  shall  be  no  less 
than  that  of  double  wall  copper  with  each 
wall  equivalent  to  type  L  water  tubing  (per 
ASTM  B88  [2]).  Each  wall  within  an  assembly 
shall  be  capable  of  withstanding  the 
maximum  working  pressure  and  temperature 
of  the  unit. 

**A  suitable  indicator  is  defined  as  any 
chemical  indicator  (color,  taste  or  smell)  that 
clearly  announces  &e  presence  of  the  heat 
transfer  fluid  when  the  concentrations  of 
fluid  in  the  domestic  hot  water  is  0.55  grams/ 
liter  or  greater.  A  suitable  indicator  is  one 
that  is  effective  for  the  expected  lifetime  of 
the  fluid  and  must  not  affect  the  potability  of 
the  water  (in  case  of  leakage). 

*** Additional  levels  of  protection: 

(a)  Copper  walls. 

(b)  Control  of  pressure  by  designing  the 
system  so  the  higher  pressure  is  on  the 
potable  water  side  or  other  equivalent 
method. 


(c)  Electrical  or  mechanical  detection  of  a 
leak. 

*  Toxicity  ratings  of  commercial  substances 
from  two  widely  acknowledged  sources, 
Gosselin  [3]  and  Durham  [4]  are  available. 
These  have  been  summarized  and  tabulated 
in  a  convenient  manner  for  many  materials 
commonly  used  in  solar  systems  in  Reference 
(5).  Gosselin  has  developed  classes  as 
follows: 


Toxicity  rating  or 
class 

Probable  oral  lethal  dose  (human) 

Dose 

For  70  kg  person 
(150  lb) 

6  Super  toxic . . 

.  Less  than  5  mg/ 

A  taste  (less  and  7 

6  Extremely  tox.... 

•<g- 

.  5-50  mg/kg . 

drops). 

.  Between  7  drops 

4  Very  toxic . 

.  50-500  mg/kg . 

and  1  tsp. 

,  Between  1  tsp.  and 

3  Moderately 

0.5-5  g/kg . 

1  oz. 

.  Between  1  oz.  and  1 

toxic. 

2  Slightly  toxic . 

.  5-15  g/kg. . 

Pt. 

.  Between  1  pt.  and  1 

1  Practically  non- 

Above  15  g/kg . 

qt. 

.  More  than  1  qt. 

toxic. 


Although  the  above  references  to  toxicity 
level  use  the  phrase  “probable  oral  lethal 
dose  (human)"  assignment  of  a  rating  to  a 
particular  material  is  usually  based  on  data 
obtained  in  laboratory  animals.  Human 
toxicity  data  should  be  used  to  determine  the 
toxicity  level  where  available.  Using  human 
data,  ethylene  glycol  is  at  the  probable  oral 
lethal  dose  (human)  level  of  0.5-5  g/kg  and 
using  rat  tests,  propylene  glycol  falls  at  a 
level  above  15  g/kg. 

4.1.3  Backflow  Prevention. 

Criterion.  Backflow  of  non-potable 
fluids  into  the  potable  water  systems 
shall  be  prevented  in  a  manner 
approved  by  the  applicable  authority. 

Evaluation.  Review  drawings  and 
specifications.  Inspect  assembled 
systems. 

Commentary.  Pollution  of  the  potable 
water  supply  can  occur  by  way  of 
backflow  caused  by  back  pressure  and/ 
or  backsiphonage  within  an  inadvertent 
cross  connection  between  the  potable 
supply  and  non-potable  fluid  in  the 
system. 

Piping  arrangements,  backflow 
prevention  and/or  air  gaps  are 
commonly  used  to  prevent 
contamination  of  potable  water  systems. 
A  check  valve  is  not  a  substitute  for  an 
approved  backflow  preventor  and 
should  not  be  used  in  its  place. 
Reference  [6]  provides  discussion  as 
well  as  evaluation  of  some  of  the  many 
backflow  prevention  devices  available. 

4.1.4  Contamination  of  Air. 

Criterion.  Materials  which  come  in 
contact  with  air  shall  not  a'ffect  the  odor 
or  biological  quality  of  the  air  in  an 
occupied  space  in  an  undesirable 
manner. 
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Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Special  consideration 
should  be  given  to  the  presence  of 
fungus,  mold  or  mildew  in  air  handling 
systems  since  such  microorganisms  are 
often  allergenic.  Filtering  of  air  streams 
to  reduce  dust  which  may  carry  such 
microorganisms  are  desirable.  Such 
provisions  in  passive  systems  with  low 
air  velocities  may  be  impractical.  Rock 
containing  asbestos  should  not  be  used 
due  to  the  potential  carcinogenic  hazard. 
Cleanliness  of  the  rock  storage  medium 
is  further  covered  in  Criterion  3,3.5. 

There  is  growing  concern  over  the 
possible  occurrence  of  harmful  air 
pollutants  in  tightly  sealed  buildings. 
Release  of  radioactive  radon  gas  in 
particular  has  been  associated  with 
some  masonry  and  gypsum  products 
such  as  those  that  may  be  used  in  large 
quantities  in  passive  solar  components 
or  in  rock  storage  bins.  [7, 8,  9].  Release 
of  formaldehyde  gas  to  an  air  stream 
from  ureau  formaldehyde  insulation  or 
cements  could  be  associated  with 
heated  air  carrying  components  such  as 
storage  units  or  collectors. 

Protection  of  air  in  occupied  spaces 
from  noxious  fumes  may  be 
accomplished  by  the  use  of  suitable, 
non-corrodible  heat  exchangers  which 
maintain  an  absolute  pressure  in  the 
secondary  side  higher  than  in  the 
primary  side. 

4.1.5  Growth  of  Fungi. 

Criterion.  Components  and  materials 
used  in  the  H/C/HW  systems  that  come 
in  contact  with  air  being  supplied  to  a 
conditioned  space  or  with  potable  water 
and  that  operate  under  conditions  that 
promote  the  growth  of  fungi,  mold  or 
mildew  shall  not  support  such  growth. 

Evaluation.  The  materials  shall  be 
capable  of  withstanding  exposure  to 
fungus  as  defined  by  either  Method  10  of 
UL 181  [10]  or  Appendix  D,  Section  E,  of 
the  MPS  4900.1  and  4910.1  [11, 12|. 
Review  environmental  and  design 
operation  conditions. 

Commentary.  Fungi  can  feed  on  some 
organic  materials  and  generally  thrive  in 
warm,  moist  environments.  The 
potential  for  fungus  growth  in  a  rock 
storage  container  which  becomes  damp 
due  to  the  failure  of  waterproofing 
membrane  around  underground  or 
exterior  containers  or  other  causes 
could  be  a  substantial  problem  requiring 
periodic  maintenance.  Use  of  a  fungicide 
in  such  maintenance  could  introduce 
another  potential  airborne  hazard  and, 
therefore,  other  methods  may  be 
preferable. 

The  formation  of  condensation  is  a 
related  problem  that  is  also  a  concern. 
Condensation  may  occur  on  materials 


when  used  for  cooling  storage  in  air 
systems  as  well  as  on  aperture  glazing 
and  between  glazing  and  movable 
insulation. 

4.2  Control  of  Hazardous  Substances. 

Requirements.  The  use  of  hazardous 
substances  within  the  solar  energy 
system  shall  be  controlled  in  such  a 
manner  to  prevent  any  luireasonable 
risk  or  danger  to  the  occupants,  building 
or  surrounding  area. 

Commentary.  See  the  Terminology 
section  for  the  definition  of  “hazardous 
substances”  and  the  indicated  reference 
providing  guidelines  to  regulations 
regarding  such  substances. 

4.2.1  Toxic  Fluids. 

Criterion.  The  use  of  toxic  fluids  shall 
comply  with  the  Federal  Hazardous 
Substances  Act  [13]  and  the 
requirements  of  the  applicable  authority. 
[See  definition  of  “toxic”  in  Terminology 
section.) 

Evaluation.  Review  specifications. 

Commentary.  Toxic  fluids  are  those 
having  the  capacity  to  produce  personal 
injury  or  illness  to  man  through 
ingestion,  inhalation  or  absorption 
through  any  body  surface  [13].  A 
compilation  of  the  toxicity 
characteristics  of  materials  used  in  solar 
systems  has  been  prepared  [5].  When 
evaluating  the  toxicological  properties 
of  fluids,  special  consideration  should 
be  given  to  the  efiect  of  a  system  failure 
on  the  occupants.  The  evaluation  should 
include  the  effects  from  contacting  both 
the  liquid  directly  and  the  vapor  given 
off  by  the  liquid. 

The  toxicological  effects  of  the  fluid 
should  be  evaluated  at  the  elevated 
temperatures  expected  during  system 
operation  as  well  as  at  ambient 
temperatures.  Characteristics  of  the 
complete  fluid  mixture  must  be 
considered  in  determining  toxicity.  For 
example,  the  addition  of  inhibitors  and/ 
or  buffers  to  antifreeze/water  mixtures 
or  to  water  may  affect  toxicity 
characteristics. 

4.2.2.  Identification  of  Hazardous 
Fluids. 

Criterion.  Systems  using  heat  transfer 
fluids  or  thermal  storage  fluids  that  are 
designated  as  toxic  or  flammable  by  the 
supplier  or  the  applicable  authority, 
shall  be  identifiable,  and  drains  and 
other  designated  fluid  discharge  or  fill 
points  in  the  solar  system  should  be 
labeled  with  a  warning  identifying  and 
summarizing  the  hazardous  properties  of 
the  fluid,  instructions  concerning  the 
safe  handling  of  the  fluid,  safe  means  of 
disposal  and  emergency  first  aid 
procedures. 


Evaluation.  Review  drawings, 
specifications  and  labeling  (size,  color, 
etc.)  for  compliance  with  the  Federal 
Hazardous  Substances  Act  [13]. 

Commentary.  The  original  fluid 
containers  will  frequently  be  discarded 
after  the  system  is  charged  which  could 
result  in  no  record  of  the  fluid’s 
properties  being  retained.  The  system 
drain  is  the  point  at  which  the  owner  or 
service  personnel  are  most  likely  to 
contact  the  heat  transfer  fluid  and 
permanent  labeling  should  be  retained 
at  that  point  Identification  may  be 
provided  by  attaching  a  tag  containing 
the  required  information  such  as  may  be 
supplied  by  the  heat  transfer  fluid 
manufacturer. 

4.2.3  Detection  of  Hazardous  Fluids 

Criterion.  Means  shall  be  provided  to 
indicate  a  failure  of  the  fluid  transfer 
system  (e.g.  leakage,  pump  failure  or 
activation  of  relief  valves]  and  the 
provision  of  warning  when  leaks  occur  if 
heat  transfer  fluids  or  thermal  storage 
fluids  that  require  special  handling  are 
used.  The  extent  of  warning  (i.e. 
whether  solely  maintenance  personnel 
or  all  of  the  occupants  of  a  building) 
shall  be  determined  on  the  basis  of  the 
degree  of  hazard  presented  by  the  fluid 
used  and  the  type  of  occupancy. 

Evaluation.  Review  drawings  and 
specifications.  Test  detection  and 
warning  system(s),  i.e.  visibility  of  a  dye 
or  operation  of  warning  device. 

Commentary.  It  is  common  practice  to 
relate  toxicity  and  flammability  ratings 
to  the  level  of  hazard  created  at  ambient 
temperatures.  Heat  transfer  fluids  which 
do  not  present  a  hazard  at  ambient 
temperatures  may  be  hazardous  at  the 
temperatures  developed  in  the  system. 
These  substances  may  be  treated  in  a 
manner  similar  to  antifreeze  and  gases 
when  providing  for  tell-tale  indicators. 
For  instance,  antifreeze  agents,  such  as 
ethylene  glycol,  may  be  treated  with 
non-toxic  dyes  which  distinguish  them 
clearly. 

4.2.4  Disposal  of  Hazardous  Fluids 

Criterion.  Systems  utilizing  other  than 
air  or  potable  water  as  a  heat  transfer 
fluid  or  thermal  storage  fluid  shall 
provide  for  the  catchment  and/or 
harmless  removal  and  disposal  of  these 
fluids  from  drains,  recharge  points, 
vents  or  points  of  probable  leakage  (i.e. 
leakage  firom  components  that  would 
not  normally  be  expected  to  last  the  life 
of  the  system)  as  approved  by 
applicable  authority. 

Evaluation.  Review  drawings  and 
specifications  and  local  disposal 
regulations. 
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Commentary.  The  discharge  of  toxic, 
corrosive,  combustible  or  explosive 
fluids  into  sewers  can  create  serious 
health  and  safety  hazards  both  within 
the  community  and  at  a  considerable 
distance  along  watercourses  into  which 
the  sewers  discharge.  Safe  disposal  of 
these  fluids  requires,  among  other 
things,  the  consideration  of  the  fluid 
composition,  its  concentration  and 
frequency  of  discharge,  and  the  nature 
of  the  sewage  treatment  and  disposal 
system  available  to  the  site.  In  some 
instances,  catchment  of  this  discharge 
and  removal  to  the  specialized 
treatment  facilities  may  be  the  only 
acceptable  disposal  method. 

Under  such  conditions,  adequately 
sized  and  protected  catch  basins  must 
be  provided. 

The  leakage  of  toxic  fluids  into  the 
ground  could  contaminate  ground  water. 
In  addition,  leakage  of  some  heat 
transfer  fluids  can  damage  roofing, 
sealants  and  other  building  materials. 
The  leakage  of  combustible  fluids  may 
pose  a  fire  hazard  when  exposed  to 
external  ignition. 

4.3  Protection  From  Physical  Hazards 

Requirement.  The  H/C/HW  systems 
shall  not  create  a  hazard  to  people 
greater  than  those  found  in  conventional 
buildings. 

4.3.1  Pressure  and/or  Temperature 
Relief  Devices 

Criterion.  Pressure  and/or 
temperature  relief  devices  shall  be 
provided  in  each  portion  of  the  system 
where  excessive  pressure  and 
temperatures  can  develop  and  shall  be 
set  to  open  at  not  more  than  the 
maximum  pressure  and  temperature  for 
which  the  system  is  designed. 

Evaluation.  Review  drawings  and 
specifications  and/or  determine  that 
methods,  devices  and  materials  to  be 
used  are  approved  by  a  recognized 
testing  and  evaluation  agency  as  being 
suitable  for  the  proposed  use. 

Commentary.  Care  should  be  taken  in 
the  design  and  layout  of  the  fluid 
transport  system  to  prevent  conditions 
in  which  locally  excessive  pressures  or 
temperatures  are  developed  as  a  result 
of  flow  restrictions  or  air  locks.  Large 
pressure  or  temperature  changes  due  to 
flow  of  vapors  or  boiling  fluids  should 
be  considered  in  the  selection  and 
location  of  relief  devices.  Relief  devices 
must  be  protected  from  freezing  as 
conditions  can  occur  when  relief  is 
needed  and  the  relief  valves  are 
inoperable  because  they  are  frozen. 

4.3.2  System  Failure  Prevention 

Criterion.  The  control  subsystem  shall 
be  designed  so  that,  in  the  event  of  a 


power  failure,  or  a  failure  of  any  of  the 
components  in  the  system,  the 
temperatures  and/or  pressures 
developed  in  the  H/C/HW  systems  will 
not  present  a  danger  to  the  occupants  or 
damage  any  of  the  components  of  the 
system  or  the  building. 

Evaluation.  Review  drawings, 
specifications  and  design  calculations. 

Commentary.  The  excessive  pressure 
and  temperatures  that  can  build  up  on 
collectors  under  “no-flow"  conditions 
are  an  important  consideration. 
Consideration  should  be  given  to  the 
thermal  shock  which  could  occur  when 
cool  heat  transfer  fluids  are  introduced 
into  collectors  which  have  been  exposed 
to  solar  radiation  under  “no-flow" 
conditions.  Due  to  the  possibility  of 
large  hydrostatic  head  pressures  on 
tanks  that  may  be  greatly  in  excess  of 
pressures  elsewhere  in  the  system,  care 
should  be  taken  in  the  selection  of  the 
location  of  safety  devices.  In  systems 
which  are  designed  for  maximum 
temperatures  less  than  the  maximum  no¬ 
flow  temperature  (see  Appendix, 

Section  1)  it  is  essential  that  some 
means  of  protection  such  as  energy 
dumping  be  provided.  System  protection 
for  failure  at  low  temperature  conditions 
is  covered  in  Requirement  3.6,  Freeze 
Protection. 

4.3.3  Glazing  Materials 

Criterion.  Glazed  solar  components 
with  slopes  less  than  45°  from  the 
horizontal  and  which  are  lower  than  6 
feet  (1.8  m)  above  a  walking  surface  for 
unrestricted  traffic  adjacent  to  the 
component  shall  be  safety  glazed  or 
otherwise  protected  against  impact  of 
persons  falling  against  the  glazing. 
Application  of  glazing  materials  in  solar 
components  that  otherwise  might 
present  a  risk  of  injury  to  persons 
because  of  falling  or  blowing  of  broken 
pieces  or  shards  shall  consist  of  safety 
glazing  or  be  protected  against  breakage 
or  restrained  from  falling. 

Evaluation.  Review  plans  and 
specifications  for  glazing  locations  and 
characteristics.  Review  compliance 
certification  documents  or  test  in 
accordance  with  procedures  specified  in 
“Federal  Mandatory  Standard  for 
Architectural  Glazing  Materials"  [14] 
and  “Performance  Specification  and 
Method  of  Test  for  Safety  Glazing 
Materials  Use  in  Buildings"  [15]. 

Commentary.  These  criteria  are 
intended  to  reduce  the  risk  of  injuries  to 
people  from  accidental  contact  with 
solar  glazing  materials.  It  is  intended 
that  they  be  applied  to  glazing  materials 
in  solar  systems  only  in  those  areas 
where  there  is  a  likelihood  that  people 
might  accidentally  come  in  contact  with 
the  glazing,  such  as  installations  on 


which  children  might  climb  or  against 
which  a  passerby  might  fall  or  which  is 
overhead  and  susceptable  to  breakage. 

An  additional  concern  is  for  glazing 
materials  presenting  a  risk  of  injury  to 
persons  because  of  broken,  sharp  pieces 
or  sheets  that  could  fall  from  their 
mounting  or  be  picked  up  and  driven  by 
wind. 

Glazing  considered  by  this  criterion 
include  those  used  as  covers  for  flat 
plate  solar  collectors,  as  tubes  in  solar 
collectors,  as  solar  reflectors,  as  roof  or 
wall  panels  in  passive  installations  and 
as  storage  containers  which  are 
routinely  accessible. 

Traditionally,  greenhouse  type 
structures  have  been  considered  to 
provide  adequate  protection  against  the 
hazard  of  persons  falling  against  them.  It 
is  not  the  intent  of  this  criterion  to 
impose  new  requirements  on 
greenhouses  of  conventional  design 
when  used  for  solar  applications. 

For  tublar  type  collectors,  safety 
glazing  may  be  inappropriate  and  should 
be  considered  on  the  basis  of  their 
particular  design.  In  such  cases  other 
means  of  protection  such  as  screening, 
etc.,  may  be  required  where  installations 
fall  under  this  criteria. 

Where  large  expanses  of  glazing  are 
used,  as  in  passive  installations,  the 
Federal  safety  standard  for  architectural 
glazing  materials  [14]  should  be 
reviewed  for  its  applicability  with 
respect  to  physical  location  and 
arrangement  of  the  glazing  and  exposure 
risk  of  persons  nearby. 

Potential  safety  hazards  should  be 
considered  in  areas  exposed  to  frequent 
hail  storms,  falling  limbs  or  other 
projectiles  with  regard  to  installation  of 
skylights,  clearstory  windows  and 
collector  arrays.  Where  safety  glazing  is 
not  employed,  consideration  should  be 
given  to  provisions  to  restrain  or  deflect 
broken  glass  which  may  slide  off 
elevated  solar  system  components  over 
entrances  and  locations  of  pedestrian 
and  vehicular  traffic  ways.  It  is  not  the 
intent  of  this  criterion  to  completely 
prevent  punching  or  local  cracking  of 
nonstructural  elements  such  as  cover 
plates  of  collector  panels  under  hail 
impact,  but  rather  to  control  damage  by 
keeping  it  at  a  level  which  would  not 
create  hazards  by  excessive  shattering 
of  glazed  elements. 

Film-type  glazing  materials  for  the 
outermost  cover  plates,  if  unsupported, 
may  be  unacceptable  if  they  undergo 
large  deflection  under  load,  e.g.  a 
person's  hand  pushing  against  the 
glazing  may  present  an  opportunity  for 
exposure  of  the  film  (and  the  person’s 
hand]  to  hot  surfaces  such  as  the 
absorber  plate,  see  Criterion  4.3.5. 
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4.3.4  Scalding 

Criterion.  Domestic  hot  water  systems 
shall  limit  the  temperature  of  the  hot 
water  for  personal  use  at  the  tap  to 
140°  ±5°  F  (60°  ±3°  C)  except  where 
other  limits  are  established  by 
applicable  authority.  See  Criterion  2.3.1. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  This  may  be 
accomplished,  for  example,  by  the  use  of 
tempering  or  mixing  valves  or  by  the  use 
controls  such  as  a  high  temperature 
cutoff  on  the  solar  energy  storage  device 
(which  may  result  in  wasteful  energy 
loss).  If  other  than  the  mixing  valves  or 
high  temperature  cutoff  are  used,  it 
should  be  demonstrated  that  the 
required  safe  temperature  limit  will  not 
be  exceeded.  This  should  be  done  by 
calculation  of  the  temperatures  in  the 
system  as  a  function  of  time  throughout 
three  successive  clear  sunny  days  in 
mid-July  with  the  ambient  temperature 
assumed  at  design  conditions.  The 
calculations  should  include  the  effect  of 
water  draw  rate,  tank  heat  losses  and 
typical  collector  efficiency  values. 

The  major  concern  is  not  only  for 
dangerously  high  temperatures  but  also 
for  the  sudden  rise  to  such  temperature. 

It  is  generally  suggested  that  mixing  or 
tempering  valves  are  the  most  cost 
effective  means  for  providing  for 
protection  from  scalding.  See  also 
Section  615-6.2  of  the  MPS  [11]  for 
controls  and  safety  devices  for  all 
tankless  indirect  water  heater 
installations  and  for  installations  in 
housing  for  the  elderly. 

The  -1-5°  F  margin  is  given  to  allow  a 
reasonable  margin  of  error  for  the 
design  temperature  capability  that  must 
be  provided  (see  Criterion  2.3.1)  and  the 
temperature  limitations  of  this  section. 

4.3.5  Surface  Temperature 

Criterion.  Components  of  the  H/C/ 
HW  systems  that  are  accessible,  located 
in  areas  normally  subjected  to  public 
traffic  and  which  are  operated  at 
elevated  temperatures  shall  either  be  . 
insulated  to  maintain  the  exposed 
surface  temperatures  at  or  below  140°  F 
(60°  C)  at  all  times  during  their  operation 
or  be  suitably  isolated.  Any  other 
exposed  areas  that  are  operated  at 
hazardous  temperatures  shall  be 
insulated  or  Identified  with  appropriate 
warnings. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  The  temperature 
commonly  accepted  in  domestic  hot 
water  installations  without  special 
protection  is  140°  F  (60°  C). 


4.3.6  Water  Storage  Hazards 

Criterion.  Water  storage  containers 
larger  than  200  gal.  (755  L  or  .755  m^  and 
located  in  or  immediately  adjacent  to 
occupied  spaces  shall  be  adequately 
protected  from  damage  and  structurally 
restrained  in  such  a  manner  to  prevent 
rupture  or  collapse  into  the  occupied 
spaces. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Large  volumes  of  stored 
water  are  a  potential  hazard  whether 
heated  or  not.  The  flood  of  water  that 
may  result  from  ruptured  tanks  as  well 
as  the  mass  of  the  water-filled 
containers  are  of  concern.  These 
containers,  individually  or  collectively, 
may  fail  due  to  impact,  faulty 
fabrication  or  possibly  corrosion.  The 
safety  hazard  is  greatly  increased  if  the 
water  is  heated.  See  Criterion  4.6.1  for 
structural  design  considerations. 

4.3.7  Snow  and  Ice 

Criterion.  Provision  shall  be  made 
over  entrances  and  locations  of 
pedestrian  and  vehicular  ways  to 
restrain  or  deflect  accumulated  snow 
and  ice  masses  which  may  slide  off 
elevated  solar  system  components. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Solar  system 
components  may  often  include  smooth 
slippery  surfaces  located  in  elevated 
positions  at  steep  angles.  These 
elements  may  heat  up  rapidly  and 
loosen  masses  of  snow  or  ice  which  may 
slide  off.  Means  should  be  provided  to 
prevent  a  hazard  to  people  or  property. 
Methods  such  as  deflectors,  restraints, 
low  friction  materials  or  design  of  “safe 
fall”  areas  (pedestrian  or  vehicular 
routes  located  away  from  the  building) 
should  be  considered.  This  criterion  is 
not  intended  to  apply  to  areas  where 
snow  and  freezing  conditions  do  not 
normally  occur. 

4.3.8.  Lightning 

Criterion.  As  applicable,  lightning 
protection  shall  be  provided  in 
accordance  with  the  NFPA  No.  78 
Lightning  Protection  Code  [16]. 

Evaluation.  Review  of  calculations, 
drawings,  and  specifications. 

Commentary.  Damage  to  control 
components  and  the  potential  of  fire  are 
major  concerns  for  lightning  protection. 

If  solar  system  piping  is  used  as 
grounding  for  lightning  protection,  there 
must  be  a  continuous  electrical  path  to 
ground.  Care  must  be  taken  that  this 
does  not  short  circuit  dielectric  isolation 
and  thus  result  in  corrosion  problems  if 
dissimilar  metals  are  used  in  the  system. 


4.4  Fire  Safety. 

Requirement.  The  design  and 
installations  of  the  H/C/HW  systems 
and  their  components  shall  provide  a 
level  of  fire  safety  consistent  with 
applicable  codes  and  standards. 

Evaluation.  Review  of  drawings  and 
specifications  for  conformance  with  the 
local  and  nationally  recognized  codes 
and  standards  for  fire  safety  including 
but  not  limited  to  applicable  sections  of: 
NFPA  89M  [17] 

NFPA  90A  [18]  and  90B  [19] 

NFPA  211  [20] 

NFPA  54  [21] 

NFPA  30  [22] 

NFPA  31  [23] 

NFPA  256  [24] 

The  National  Electrical  Code  [25] 

ASTM  E84  [26] 

In  cases  where  sufficient  engineering 
information  is  not  available,  testing  to 
show  compliance  may  be  required. 
Potential  heat,  rate  of  heat  release,  ease 
of  ignition,  and  smoke  generation  will  be 
considered  in  assessing  the  potential  fire 
hazards. 

Commentary.  It  is  the  intent  of  the 
requirements  to  (1)  prevent  the  use  of 
materials,  equipment  and  fluids  which 
present  a  fire  hazard  greater  than  that 
allowed  for  conventional  systems;  (2) 
provide  proper  clearance  and  venting  of 
heat  build-up  for  those  system 
components  that  operate  at  elevated 
temperatures;  and  (3)  give  consideration 
to  the  combustibility  of  materials 
adjacent  to  high  temperature 
components  in  determining  the 
clearance  and/or  insulation  required. 
Special  consideration  should  be  given  to 
the  fire  safety  features  of  innovative 
system  designs  particularly  those 
utilizing  insulation  in  a  way  which  may 
present  a  greater  hazard  than  with 
conventional  designs  such  as  passive 
system  thermal  control  elements. 

Special  consideration  should  also  be 
given  to  the  use  of  combustible  glazing 
materials,  particularly  when  those 
materials  are  used  in  large  quantities 
and/or  exposed  to  the  building  interior 
either  directly  or  through  air  passages. 

The  type  of  testing  that  should  be 
performed  to  evaluate  the  influence  of 
solar  collectors  on  the  fire  resistance  of 
roof  assemblies  is  described  in  test 
method  7.13  of  NBSIR  78-1305A  [27]. 
Collectors  mounted  so  that  there  is  a 
space  between  the  collectors  and  the 
roof  covering  and  particularly  when  the 
collectors  are  parallel  to  the  roof  may 
reduce  the  fire  resistance  classification 
of  the  roof  covering  even  though  the 
collector  is  of  noncombustible 
construction. 


32774 


Federal  Register  /  Vol.  46,  No.  121  /  Wednesday,  June  24,  1981  /  Notices 


4.4.1  Liquid  Flash  Point 

Criterion.  The  flash  point  of  a  liquid 
heat  transfer  fluid  shall  equal  or  exceed 
the  higher  temperature  determined  from 
A  and  B  below: 

A.  A  temperature  of  50°  F  (28°  C) 
above  the  design  maximum  flow 
temperature  of  the  fluid  in  the  solar 
system: 

B.  (1)  A  temperature  200°  F  (111°  C) 
below  the  design  maximum  no-flow 
temperature  of  the  fluid  attained  in  the 
collector  provided  the  collector  manifold 
assembly  is  located  outside  of  the 
building  and  exposed  to  the  weather 
and  provided  that  relief  valves  located 
adjacent  to  the  collector  or  collector 
manifold  do  not  discharge  directly  or 
indirectly  into  the  building  and  such 
discharge  is  directed  away  from  flames 
and  ignition  sources:  or, 

(2)  the  design  maximum  no-flow 
temperature  of  the  fluid  in  all  other 
manifold  and  relief  valve  configurations. 

A.  "liquid  heat  transfer  fluid”  is 
defined  as  the  operating  or  thermal 
storage  liquid  including  water  or  other 
liquid  base  and  ail  additives  at  the 
concentration  used  under  operating 
conditions.  The  flash  point  shall  be 
determined  by  the  methods  determined 
in  NFPA  No.  321,  "Basic  Classification 
of  Flammable  and  Combustible  Liquids" 
[28].  Flammable  liquids  shall  not  be 
used,  and  in  systems  using  a  gaseous 
heat  transfer  fluid,  a  flammable  gas 
shall  not  be  used.  The  design  maximum 
flow  temperature  of  the  fluid  is  defined 
as  the  maximum  fluid  temperature  that 
will  be  obtained  when  the  heat  transfer 
fluid  is  flowing  through  the  system.  The 
design  maximum  no-flow  temperature  of 
the  fluid  is  defined  as  the  maximum 
fluid  temperature  that  will  be  obtained 
when  the  heat  transfer  fluid  is  not 
flowing  through  the  system.  Generally, 
this  temperature  will  occur  in  the 
collector  when  it  is  receiving  its 
maximum  level  of  solar  radiation  at 
maximum  ambient  temperature. 

Evaluation.  Review  drawings, 
specifications,  design  calculations  and 
test  data  for  flash  point  and  collector 
stagnation  and  operating  temperatures. 
An  acceptable  way  of  determining  the 
design  maximum  flow  temperature  is  to 
limit  temperatures  of  control  devices  or 
relief  valves,  or  through  theoretical  or 
test  analysis  of  the  system.  A  method  of 
determining  the  maximum  no-flow 
temperature  is  by  measuring  the  fluid 
temperature  under  stagnation 
conditions.  The  no-flow,  30  days  test  is 
presented  in  Section  10  of  the  Appendix. 
The  design  maximum  no-flow 
temperature  of  the  fluid  is  equal  to  the 
plate  temperature  at  stagnation.  It 
should  be  noted  that  this  method  is  not 


valid  for  collectors  with  very  low  loss 
coefficients. 

Commentary.  Flash  point  values  listed 
in  manufacturer’s  literature  are 
frequently  typical  values  and  may  be 
determined  by  an  open  cup  flash  point 
test.  Flash  point  values  used  should  be 
based  on  actual  measurement  or 
certified  minimum  values  determined  by 
the  required  closed  cup  flash  point  test 
method  [28]. 

The  flash  point  of  aqueous  solutions 
of  organic  materials  depends  on  the 
percentage  of  water  in  the  mixture.  In 
the  case  of  ethylene  glycol,  a  flash  point 
does  not  exist  for  certain  percentages  of 
ethylene  glycol  with  water.  When  these 
mixtures  are  boiled  and  vapors  allowed 
to  escape,  the  flash  point  of  the  mixture 
usually  will  be  reduced,  ultimately 
approaching  that  of  the  pure  subslance. 
Care  should  be  taken  that  the  flash  point 
of  the  solution  is  based  on  the 
anticipated  percentage  of  water  during 
actual  use  of  the  liquid  in  the  system 
and  not  necessarily  on  the  percentage  as 
installed.  A  study  of  solar  heat  transfer 
fluid  flash  points  and  flash  point  criteria 
is  presented  in  Reference  [^]. 

4.4.2  Combustible  Liquids 

Criterion.  The  storage,  piping  and 
handling  of  combustible  liquids  shall  be 
in  accordance  with  the  Flammable  and 
Combustible  Liquids  Code  NFPA  No.  30 
[22]. 

Evaluation.  Review  specifications  or 
code  compliance. 

Commentary.  This  criterion  applies  to 
those  liquids  which  have  met  Criterion 
4.4.1  for  flash  point.  See  also  Criteria 
4.2.2,  4.2.3  and  4.2.4. 

4.4.3  Flame  Spread  Classification  of 
Insulation 

Criterion.  The  flame  spread 
classification  index  for  all  insulation 
materials  except  those  installed 
underground  and  outside  the  structure 
shall  not  exceed  the  following  values: 


Plastic  foam . 75 

Other  insulation  materials . . . 150* 


Insulation  materials  used  for  duct 
liners  shall  meet  the  requirements  of 
either  NFPA  90A  [18]  or  90B  [19], 
whichever  is  applicable. 

Evaluation.  The  ASTM  E84  [26]  flame 
spread  test  method  shall  be  the  basis  for 
evaluating  the  surface  burning 
characteristics  of  the  insulation 
materials.  Where  materials  with  facings 
are  to  be  used,  the  surface  burning 


*The  Consumer  Product  Safety  Commission 
“Interim  Safety  Standard  for  Cellulose  Insulation,” 
Federal  Register,  Volume  43.  No.  153,  P.  35240, 
became  effective  on  September  8. 1978  and 
supercedes  these  requirements  for  cellulose 
insulation  where  applicable.  Modifications  to  this 
standard  are  under  consideration  by  CPSC. 


characteristics  of  the  faced  materials 
shall  be  measured. 

Commentary.  No  single  test  is 
sufficient  to  provide  a  full  estimate  of 
performance  of  a  product  in  a  fire. 

Plastic  foams  and  loose  fill  insulation 
are  difficult  to  evaluate  in  ASTM  E84. 
The  requirement  of  flame  spread 
classification  of  75  maximum  for  plastic 
foams  will  provide  as  much  safety 
assurance  as  is  possible  with  current 
test  methods.  Such  a  classification  shall 
not  be  construed  as  the  equivalent  of 
"non-combustible.”  Many  insulation 
materials,  including  those  consisting  of 
cellulose,  plastic  foam  and  fibrous  glass 
(containing  organic  binder)  are 
combustible  materials  which  will  burn 
and  release  heat,  especially  when 
exposed  to  continuous  large  fire  sources. 

4.4.4  Areas  of  Application  of  Insulation 

Criterion.  Materials  used  for  thermal 
insulation  shall  be  in  accordance  with 
Criterion  4.4.3  and  may  be  applied  to  the 
following  areas:  walls,  roofs,  ceilings, 
floors,  pipes,  ducts,  vessels  and 
equipment  exposed  to  the  external 
environment. 

Exposed  plastic  foam  (untreated  or 
fire-retardant  treated),  Kraft-asphaltic 
vapor  barrier  on  mineral  and  organic 
fiber  insulations,  and  non-fire-retardant 
treated  loose  fill  insulation  shall  not  be 
permitted  in  habitable  areas  unless  fully 
protected  from  the  interior  of  the 
building  by  a  thermal  barrier  having  a 
finish  rating  of  not  less  than  15  minutes 
as  determined  by  NFPA  251  [30]. 

Thermal  barriers  shall  be  installed  in  a 
manner  such  that  they  will  remain  in 
place  for  a  minimum  of  15  minutes  under 
the  same  test  conditions. 

Installed  insulation  and  vapor  barriers 
shall  not  make  contact  with  pipes  or 
pumps  containing  hot  fluids,  motors, 
fans,  blowers,  and  heaters,  unless  the 
insulation  and/or  the  heat  producing 
appliances  are  specifically  designed  and 
rated  for  that  purpose. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Although  a  degree  of 
material  combustibility  is  allowed,  the 
intent  is  to  allow  insulating  materials 
which  are  not  more  combustible  (or 
flammable)  than  existing  construction 
and  insulation  materials,  and  to 
preclude  any  increased  fire  hazard  due 
to  the  retention  of  heat  from  energy 
dissipating  objects.  Electric  fixtures  and 
circuit  wires  which  are  surrounded  by 
substantial  thermal  insulation  may  be 
subject  to  overheating  especially  for 
circuits  loaded  at  or  beyond  their  rated 
capacity.  In  areas  where  occupants  are 
likely  to  be  engaged  in  normal  activities, 
or  in  spaces  in  contact  with  the  air 
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stream,  the  insulation  should  perform  its 
intended  function  without  the  increased 
risk  of  ignition,  rapid  flame  spread,  and 
heat  and  smoke  generation.  Attention 
should  be  given  to  the  requirements  as 
they  pertain  to  innovative  insulation 
systems  such  as  movable  and  fixed 
insulation  installed  as  part  of  passive 
systems.  Insulation  in  concealed  spaces 
may  be  a  particular  fire  problem  due  to 
its  susceptibility  to  smoldering  and  its 
inaccessibility  for  Hrefighting. 

4.4.5  Fire  Resistance  Requirements 

Criterion.  Penetrations  through  fire¬ 
rated  walls,  partitions,  floors,  roofs,  etc., 
shall  not  reduce  the  fire  resistance 
required  by  local  codes  and  ordinances. 

Evaluation.  Review  drawings  and 
specifications.  Testing  to  show 
compliance  in  accordance  with  NFPA 
251  [30]  and  applicable  standards. 

Commentary.  It  is  the  intent  of  this 
criterion  to  (1)  prevent  the  passage  of 
system  components  through  fire-rated 
assemblies  from  adversely  affecting  the 
fire  endurance  rating  of  the  assembly  in 
terms  of  premature  collapse  of  structural 
elements  and  (2)  ensure  that  proper 
techniques  are  employed  in  constructing 
these  components  so  that  adequate 
protection  can  be  provided.  Because  of 
the  potential  fire  hazard,  use  of  building 
elements  such  as  walls,  attics,  and  crawl 
spaces  as  plenums  may  be  subject  to 
restrictions  in  NFPA  90A  [18],  90B  [19] 
and  local  building  codes.  Consideration 
may  be  given  to  the  use  of  approved 
smoke  activated  fire  dampers  as  a 
means  of  providing  the  required 
penetration  protection  in  cases  where 
building  elements  are  used  as  air 
passages. 

4.4.6  Self-Ignition  of  Combustibles 

Criterion.  Combustible  solids  used  in 
solar  equipment  and  adjacent 
combustible  solids  shall  not  be  exposed 
to  elevated  temperatures  which  may 
cause  ignition. 

Evaluation.  Review  calculations, 
drawings  and  specifications.  Testing  to 
show  compliance  were  necessary. 

Commentary.  Exposure  of  wood  and/ 
or  other  fibrous  materials  as  well  as 
other  combustible  materials  over  an 
extended  period  of  time  may  result  in 
the  material  reaching  and  surpassing  its 
self-ignition  temperature.  Such 
conditions  may  exist,  for  example, 
within  active  collectors  framed  in  wood 
or  inside  attic  collectors.  The  most 
common  accepted  ignition  temperature 
of  wood  is  on  the  order  of  392°  F  (200° 

C).  However,  studies  have  indicated  that 
wood  may  ignite  when  exposed  to  a 
temperature  of  212°  F  (100°  C)  for 
prolonged  periods  of  time.  The  ignition 
temperatures  of  plastics  may  be  above 


or  below  those  of  wood  or  fibrous 
materials.  Clearances  for  HVAC 
equipment,  ducting  and  piping  are 
discussed  in  NFPA  No.  89M  [17]  and  90B 
[19].  Where  applicable,  clearances 
specified  by  a  nationally  recognized 
testing  laboratory  may  be  used. 

4.5  Installation  Arrangement 

Requirement.  The  location  provided 
for  solar  components  shall  not  increase 
the  accident  potential  to  a  greater  extent 
than  would  be  expected  for  a 
conventional  non-solar  building. 

Commentary.  Some  examples  can  be 
given  of  how  the  presence  of  solar 
components  might  increase  accident 
potential:  (1)  reflected  rays  from  the 
collector  could  be  distracted  to  drivers 
on  adjacent  highways  or  atmoying  to  the 
occupants  of  nearby  buildings,  and  (2) 
the  ground  around  a  storage  unit  might 
settle,  creating  a  hazard  because  of  the 
uneven  ground. 

4.5.1  Identification  and  Location  of 
Controls 

Criterion.  Main  shutoff  valves  and 
switches  should  be  conspicuously 
marked  and  placed  in  locations  that  are 
readily  accessible  to  those  personnel 
who  would  normally  be  expected  to 
operate  them  in  the  event  of  an 
emergency.  These  valves  and  switches 
shall  be  located  in  the  same  manner  as 
specified  in  250.25  of  NFPA  70  [24]  for 
electrical  panels. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  In  large  buildings, 
accessibility  would  normally  be  limited 
to  qualified  personnel;  however,  in  small 
buildings,  accessibility  for  the  tenants 
should  be  provided. 

In  addition,  controls  which  should 
only  be  adjusted  by  skilled  personnel 
should  not  be  located  in  areas  subjected 
to  normal  occupant  access. 

4.5.2  Emergency  Egress  and  Access 

Criterion.  The  design  and  installation 
of  the  H/C/HW  systems  shall  not 
impair  the  emergency  movement  of 
occupants  of  the  building  or  emergency 
personnel  to  an  extent  greater  than  that 
allowed  by  NFPA  101  (31]  and 
applicable  codes  and  standards. 

Evaluation.  Review  drawings  and 
specifications.  Evaluate  alternative 
means  for  provision  of  equal  safety 
protection. 

Commentary.  If  operable  windows  or 
exterior  doors,  required  by  many  codes 
for  sleeping  areas,  are  eliminated  for 
increased  thermal  control,  such  rooms 
and  adjacent  corridors  should  have 
listed  smoke  detectors  which  are 
interconnected  and  a  door  opening 
directly  into  a  corridor  that  has  access 


to  two  remote  exits  in  opposite 
directions. 

The  location  of  solar  equipment  on  a 
roof  could  reduce  the  usability  of  that 
roof  for  firefighting  or  egress.  Solar 
system  components  located  outside  the 
building  but  near  a  means  of  egress 
could  block  the  means  of  egress  if  a  fire 
occurs. 

4.6  Structural  Safety 

Requirement.  The  H/C/HW  system 
shall  provide  a  level  of  structural  safety 
consistent  with  applicable  codes  and 
standards. 

Commentary.  This  requirement  deals 
with  the  ability  of  systems  and  elements 
to  maintain  their  structural  integrity 
under  in-service  and  extreme 
conditions.  Factors  such  as  wind,  snow, 
operating,  seismic,  and  thermal  restraint 
loads  are  considered.  Typical  failures 
that  are  to  be  avoided  might  include:  the 
collapse  of  a  frame  supporting  solar 
collectors  due  to  wind,  snow,  or 
earthquake;  the  leaning  or  collapse  of  an 
undergroimd  thermal  storage  tank;  the 
blowing  olT  or  fracture  of  a  glass  cover 
plate  due  to  wind  or  thermal  stresses. 

Note. — ^This  applies  to  all  elements  of  a 
solar  system,  not  just  those  with  a  function  of 
providing  support  for  some  other  element.  In 
this  regard,  there  is  an  important  distinction 
made  between  conventional  elements,  those 
elements  for  which  design  and  construction 
procedures  are  contained  in  existing  building 
regulatory  documents,  and  non-conventional 
elements,  those  elements  for  which  such 
procedures  are  not  available.  Elements  made 
of  materials  documented  in  existing  building 
regulatory  documents,  such  as  structural 
steel,  aluminum,  timber,  glass,  masonry  and 
concrete,  that  will  be  exposed  to  service 
conditions  that  are  normally  considered  in 
such  documents  are  examples  of 
conventional  elements.  Newer  materials  such 
as  a  new  alloy  of  aluminum,  or  conventional 
materials  exposed  to  an  unusual  environment 
such  as  welded  steel  subjected  to  unusually 
high  or  low  temperatures,  or  plastics  subject 
to  high  and  low  temperatures  are  examples  of 
non-conventional  elements.  Elements  with  a 
structural  support  function  will  generally  be 
conventional. 

4.6.1  Struchiral  Resistance  of  H/C/HW 
Systems 

Criterion.  The  elements  and 
connections  of  the  H/C/HW  systems 
shall  safely  support  all  loads  expected 
during  the  design  life  of  the  system 
without  failure. 

The  structural  resistance  of 
conventional  elements  shall  be 
determined  in  accordance  with 
generally  accepted  engineering  practices 
for  the  appropriate  material  [32,  33,  34, 
35]. 

When  common  building  materials 
cannot  be  judged  by  conventional 


32776 


Federal  Register  /  Vol.  46,  No.  121  /  Wednesday,  June  24,  1981  /  Notices 


criteria  because  they  are  exposed  to 
unusual  service  conditions  such  as  high 
temperatures,  or  where  new  materials 
are  used  structurally,  the  guide 
performance  criteria  in  section  13.2.4  of 
Reference  [36]  should  be  used  to 
determine  structural  resistance. 

The  design  load  shall  include  the 
following  loads  and  shall  be  taken  from 
and  combined  in  accordance  with  ANSI 
Standard  A58.1  [37]  and  as  noted: 

1.  Dead  loads.  Include  the  weight  of 
heat  transfer  fluid  contained  in  the 
component  except  when  using  dead  load 
to  resist  uplift  or  overturning. 

2.  Live  loads.  Include  all  static  and 
dynamic  loads  caused  by  the  operation 
of  the  solar  energy  system  and  all 
appropriate  maintenance  loads. 

Surfaces  that  must  support  maintenance 
personnel  shall  resist  a  single 
concentrated  load  of  250  lbs  (113  kg) 
distributed  over  a  4  square  inch 

(258  mm^  area  at  the  most  critical 
locations.  Also  include  vehicular  loads 
as  stipulated  by  AASHTO  [38]  on 
elements  at  or  below  grade  subjected  to 
traffic. 

3.  Soil  and  water  pressures  on  buried 
elements. 

4.  Wind  loads.  Account  for  any 
unusual  shape  or  exposure  factors  in 
accordance  with  accepted  engineering 
practice.  Reference  [39]  includes 
information  on  wind  loads  on  solar 
collectors. 

5.  Snow  and  ice  loads.  Include  any 
unusual  loads  due  to  drifting  or  slide-off. 
Solar  components  shall  resist  the 
appropriate  surcharges,  as  defined  in 
reference  [37].  Reference  [40]  provides 
information  on  ice  loads  on  slender 
elements. 

6.  Earthquake  loads.  For  components 
and  connections  which  cannot  be 
evaluated  within  the  scope  of  the 
referenced  provisions,  the  value  of  “Cp" 
(horizontal  force  factor)  shall  be  taken 
as  1.0  Reference  [39]  includes 
information  on  earthquake  loads. 

7.  Constraint  loads.Those  loads, 
caused  by  temperature  changes, 
shrinkage,  moisture  changes,  normal 
functioning  of  the  system,  time- 
dependent  changes  within  the  materials 
of  the  system  and  by  differential 
movement  of  the  supporting  structure 
and  foundation  settlement  shall  be 
taken  as  the  most  severe  likely  to  be 
encountered  during  the  service  life. 

8.  The  load  from  ponding  of  water  on 
large  horizontal  surfaces  shall  be 
considered. 

Evaluation.  Review  drawings, 
specifications,  calculations  and  testing. 

Commentary.  It  is  expected  that  most 
aspects  of  structural  design  for  solar 
installations  will  fall  within  the  domain 
of  conventional  engineering  practice  and 


that  existing  codes  and  standards  may 
be  applied  to  such.  The  intent  of  this 
criterion  is  that  conventional  elements 
and  systems  continue  to  be  designed  in 
accordance  with  applicable  building 
code  documents.  The  performance 
criteria  in  Section  13.2.4  of  Reference 
[36]  are  specified  for  use  in  those 
situations  in  which  accepted  engineering 
standards  are  not  applicable. 
Considerable  care  is  required  in 
determining  the  structural  resistance  in 
such  situations.  For  structural  testing  of 
flat  plate  collectors,  a  test  method  has 
been  proposed  in  Reference  [27]  for  the 
following  tests;  positive  live  loads, 
negative  and  combination  wind  loads, 
and  longitudinal  loads. 

It  is  recognized  that  some  elements 
will  be  designed  using  the  ultimate 
resistance  and  factored  loads  while 
others  will  be  designed  using  an 
allowable  resistance  and  unfactored 
loads. 

The  loads  presented  are  those 
expected  to  occur  in  the  projected 
lifetime  of  the  installation.  Particular 
attention  should  be  given  to  the  load 
caused  by  the  thermal  cycling  of  the 
system,  both  under  normal  conditions 
and  “no-flow”  conditions. 

The  following  paragraphs  of 
commentary  are  numbered 
corresponding  to  the  loads  listed  under 
the  criterion: 

(1)  The  design  dead  load  of  mass 
storage  materials  (water  tubes,  drum 
walls,  etc.)  may  in  some  instances  need 
to  be  considered  on  other  portions  of  the 
structure  (floors,  partitions,  etc.}.  These 
loads  can  be  quite  important, 
particularly  in  retrofit  application. 

(2)  The  design  live  loads  for  roofs 
constitute  minimum  loading 
requirements  needed  primarily  for 
human  safety  while  the  building  is 
undergoing  maintenance.  Resistence  to 
these  loads  need  not  be  required  for 
collector  panels  that  are  mounted  on 
roofs  without  forming  an  integral  part  of 
the  roof  if  adequate  access  is  provided 
for  service  and  maintenance  personnel. 
For  collectors  which  form  an  integral 
part  of  the  roof,  resistance  to  the  design 
live  roof  loads  should  be  required, 
because  the  roof  will  need  to  be 
repaired  from  time  to  time  and  must 
support  the  workman  making  the 
repairs. 

(4)  Wind  load  pressure  coefficients  for 
flat  plate  collectors  are  presented  in 
reference  [41]  and  a  tabulation  of 
extreme  wind  speeds  is  contained  in 
reference  [42]. 

Wind  loads  due  to  the  presence  of 
solar  systems  may  be  more  severe  than 
those  normally  acting  on  buildings  and 
require  special  attention  especially  in 
retrofitting  an  existing  building. 


(5)  Rows  of  solar  collectors  protruding 
from  a  roof  are  similar  to  a  snow  fence 
and  may  significantly  increase  the 
amount  of  snow  retained  on  the  roof, 
requiring  special  attention  especially  in 
retrofitting  an  existing  building. 

Reference  [39]  provides  design 
guidelines. 

(6)  The  value  of  “Cp"  supplied  for 
elements  that  are  not  specified  by  the 
referenced  provisions  is  consistent  with 
conservative  values  for  elements 
appended  to  structures. 

(7)  The  possibility  of  stresses  being 
imposed  by  thermal  expansion  or 
contraction,  wind  movement,  seismic 
loads,  vibratory  loads,  or  foundation 
settlement  need  to  be  considered. 
Thermal  expansion  and  contraction 
effects  should  be  evaluated  for  the 
extreme  operating  temperature  range; 
note  particularly,  pipe  thrusts  at  anchors 
and  elbows.  Solar  components  vary  in 
their  ability  to  withstand  the  effects  on 
their  performance  of  differential 
settlement.  For  example,  a  rock  storage 
bin  can  probably  settle  a  great  deal 
without  affecting  its  performance; 
however,  a  plumbing  connection  may  be 
able  to  withstand  very  little  differential 
settlement. 

Time  dependent  changes  within 
materials  or  the  system  should  include 
consideration  of  materials  degradation. 
Of  particular  concern  may  be 
deterioration  of  plastics  and  organic 
materials,  corrosion  and  electrolytic 
action  between  dissimilar  metals  such 
as  between  a  collector  and  its  support. 
Materails  degradation  is  further 
discussed  in  Chapter  5. 

In  some  circumstances,  such  as 
collectors  framed  in  wood  or  attic 
collectors,  wood  and  other  fibrous 
materials  may  be  subject  to  sustained  or 
cyclic  elevated  temperatures  for 
extended  periods  of  time  (years).  Under 
such  conditions,  strength  reduction  of 
structural  members  may  be  very 
significant  and  should  be  considered  [43, 
44].  Uneven  heating  of  such  structural 
members  may  cause  racking  or  twisting 
during  the  normal  course  of  the  day. 

This  should  be  accounted  for  in  the 
design  of  the  structure. 

(8)  Ponding  is  defined  as  the  retention 
of  water  due  to  the  deflection  of 
horizontal  surfaces.  Measures  to  resist 
ponding  include  providing  sufficient 
stiffness  to  prevent  excessive 
deflections,  providing  slope  to  carry 
excess  water  away,  providing  drains  to 
remove  water  or  providing  overflow 
locations  to  limit  the  depth  of  water. 
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Chapter  5. — Durability /Reliability 
5.0  Introduction 

The  performance  requirements  and 
criteria  in  this  chapter  deal  with  the 
ability  of  materials  and  components  to 
maintain  satisfactory  long-term 
performance  under  in-service  and 
extreme  conditions.  Factors  such  as  the 
e^ect  of  external  environment, 
temperature,  chemical  compatibility, 
and  wear  and  fatigue  are  addressed.  A 
general  guide  for  the  consideration  of 
each  requirement  and  criterion  for  the 
various  materials  and  components  is 
contained  in  Table  5.1.  If  documentation 
of  satisfactory  long-term  performance 
under  in-use  conditions  or  engineering 
analysis  is  not  available,  the  material  or 
component  must  be  evaluated.  Table  5.2 
lists  standards  for  materials  and 
components  for  which  specific 
evaluation  methodologies  or  standards 
are  available.  Evaluations  for  materials 
listed  in  Table  5.2  shall  be  performed 
unless  documentation  of  satisfactory  in- 
service  performance  is  available. 
Supplemental  tests  to  those  listed  in 
Table  5.2  may  also  be  performed  if  it  is 
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desirable  to  assess  a  requirement  which 
is  not  addressed  by  the  procedures 
listed  in  the  table.  Materials  and 
components  not  specifically  addressed 
by  Table  5.2  should  be  evaluated 
according  to  the  procedures  outlined  in 
this  chapter  and  in  the  Appendix.  There 
is  also  a  general  discussion  of 
evaluation  methods  for  this  chapter  in 
Section  2  of  the  Appendix.  A  test 
procedure  for  a  complete  collector  panel 
assembly  for  30  day,  no-flow  conditions 
is  given  in  section  10  of  the  Appendix. 

5.1  Effect  of  External  Environment 

Requirement.  The  H/C/HW  systems 
and  their  various  components  shall  not 
be  affected  by  external  environmental 
factors  to  an  extent  that  will 
significantly  impair  their  function  during 
their  design  life. 

5.1.1  Solar  Degradation 

Criterion.  Solar  components  or 
materials  shall  not  be  adversely  affected 
by  exposure  to  sunlight  in  service  to  an 
extent  that  will  significantly  impair  their 
function  during  their  design  life. 

When  components  or  materials  are 
exposed  to  ultraviolet  radiation,  there 
shall  be  no  signs  of  excessive 
deterioration  of  optical,  physical  or 
mechanical  properties,  or  any  other 
changes  that  would  significantly  affect 
the  performance  of  the  components  in 
the  system. 

Evaluation.  Compliance  may  be 
documented  with  data  on  satisfactory 
long-term  performance  under  in-use 
conditions  or  engineering  analysis. 
Where  adequate  information  is 
unavailable,  testing  using  either  the 
methodology  outlined  in  Section  3  of  the 
Appendix  or  other  methods  which  can 
be  shown  to  meet  the  intent  of  the 
criterion  shall  be  used. 

Commentary.  Organic  materials  may 
be  particularly  susceptible  to 
degradation  resulting  from  prolonged 
exposure  to  solar  radiation.  Ultimate 
failure  of  these  materials  is  frequently 
caused  by  physical  impact,  wind  flutter, 
etc.  components  of  particular  concern 
include  cover  plates,  coatings,  sealants, 
gaskets,  absorber  surfaces,  collector 
heat  traps,  exposed  coupling  hoses, 
coatings  or  coverings  of  exposed 
insulation,  devices  for  controlling 
entrance  of  sunlight  (shutters,  shades, 
drapes,  blinds,  etc.),  reflectors  and 
collector  casing  assemblies. 

5.1.2  Moisture  Degradation 

Criterion.  Solar  components  or 
materials  shall  not  be  adversely  affected 
by  exposure  to  moisture  in  service  to  an 
extent  that  will  significantly  impair  their 
function  during  their  design  life. 


Evaluation.  When  components  or 
materials  are  exposed  to  moisture,  there 
shall  be  so  signs  of  excessive  material 
degradation  or  reduction  in  insulation 
effectiveness  that  would  significantly 
affect  the  performance  of  the 
components  or  the  system. 

Compliance  may  be  documented  with 
data  on  satisfactory  long-term 
performance  under  in-use  conditions  or 
engineering  analysis.  A  provisional  test 
described  in  test  method  7.5  of  NBSIR 
78-1305A  [1]  can  be  used  to  assess  rain 
penetration  into  a  collector.* 
condensation  or  water  vapor  stability  of 
materials  can  be  determined  by  the 
method  described  in  ASTM  D2247-68 
(1973)  [2].  The  use  of  an  artificial 
weathering  machine  with  a  water  spray 
cycle  can  also  be  used.  Where  adequate 
information  is  unavailable,  methods 
which  can  be  shown  to  meet  the  intent 
of  the  criterion  shall  be  used. 

Commentary.  Moisture  can  exhibit 
itself  in  several  forms,  e.g.  rainfall, 
melting  snow  and  ice,  condensation  or 
vapor.  The  intent  of  this  criterion  is  to 
ensure  adequate  performance  of 
components  or  materials  that  are 
exposed  to  moisture  from  the  external 
environment  or  exposed  to  condensation 
in  the  collector  interior.  Some 
components,  such  as  collector 
insulation,  are  usually  intended  to  be 
used  in  low  moisture  environments; 
however,  it  is  still  possible  for  them  to 
be  periodically  exposed  to  moisture 
from  condensation.  Such  components 
would  not  usually  be  expected  to  meet 
the  intent  of  this  criterion  if  moisture 
exposure  could  not  occur,  e.g.  in 
collectors  that  are  hermetically  sealed. 
Guidance  for  the  waterproofing  of 
exposed  insulation  both  above  and 
below  ground  is  given  in  the  HUD  MPS 
section  607-2  [3],  and  also  the  ASHRAE 
Handbook  of  Fundamentals  Chapter  17 
(4).  Salts  extracted  by  moisture  from 
some  types  of  insulation  or  from  organic 
components  may  cause  corrosion  of 
other  system  components  in  close 
proximity.  Chlorides  or  sulfates  that 
may  be  leached  are  of  particular 
concern  in  regard  to  metallic  corrosion. 
This  criterion  is  not  intended  to  address 
the  effect  that  water  in  the  heat  transfer 
fluid  can  have  on  system  components 
which  contact  the  fluid. 

Efflorescence  on  the  absorber  surface 
of  masonry  walls  such  as  greenhouse 
and  Trombe  walls  can  cause  the 
deterioration  of  the  absorber  coating. 
Efflorescence  is  commonly  caused  by 
high  mineral  content  in  water  used  for 
the  production  of  masonry  units  or  the 


*  Numbers  in  brackets  (  )  indicate  references  at  the 
end  of  this  chapter 


mixing  of  mortar  and  is  activated  by  the 
presence  of  moisture  in  the  wall. 

5.1.3  Pollutant  Degradation 

Criterion.  Solar  components  and 
materials  that  are  exposed  to  regionally 
prevalent  air  pollutants  such  as 
photochemical  oxidents  (ozone),  sulphur 
dioxide,  nitrogen  oxides  or  salt  spray 
shall  not  be  adversely  affected  to  the 
extent  that  will  significantly  impair  their 
function  during  their  design  life. 

Evaluation.  Compliance  may  be 
documented  with  data  on  satisfactory 
long-term  performance  under  in-use 
conditions  or  engineering  analysis. 

Where  adequate  information  is 
unavailable,  testing  using  either  the 
methodology  outlined  in  Section  4  of  the 
Appendix  or  other  methods  which  can 
be  shown  to  meet  the  intent  of  the 
criterion  shall  be  used. 

The  maxmium  pollutant  levels  in  the 
geographic  areas  where  the  system  will 
be  installed  shall  be  used  to  determine 
the  pollutant  levels  required  for  testing. 
The  pollutant  levels  shall  be  obtained 
from  the  most  recent  edition  of  “Air 
Quality  Data — Annual  Statistics 
Including  Summaries  with  References  to 
Standards"  [5J.  If  components  are  to  be 
used  in  areas  where  they  are  exposed  to 
very  low  pollutant  concentrations,  then 
the  degradation  test(s)  for  pollutants 
need  not  be  conducted. 

When  components  or  materials  are 
tested  in  accordance  with  the  procedure 
outlined  in  Section  4  of  the  Appendix, 
there  shall  be  no  signs  of  excessive 
deterioration  of  optical,  physical  or 
mechanical  properties,  or  any  other 
changes  that  would  significantly  affect 
the  performance  of  the  components  of 
the  system. 

Commentary.  The  effects  of  solar 
radiation  in  combination  with  air 
pollutants  may  also  be  an  important 
consideration  in  the  dry  as  well  as  wet 
condition.  Factors  of  concern  include 
surface  erosion  and  consequent 
transmission  loss  of  cover  plate, 
deterioration  of  coupling  hoses,  exposed 
seals  and  corrosion  of  metallic  elements. 

A  potential  problem  with  collectors  in 
industrial  atmospheres  is  that  pollutants 
in  condensate  solution  may  cause 
permanent  etching  of  the  cqyer  plates, 
absorber  surfaces  and  affected  metallic 
components  over  a  period  of  time.  Such 
etching  can  permanently  reduce  optical 
properties  and  may  cause  deterioration 
of  mechanical  properties.  When  this 
possible  condition  exists,  design 
consideration  must  be  given  to  avoid  the 
problem. 
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5.2  Effect  of  Temperature 

Requirement  Solar  components  or 
materials  and  building  elements  with 
which  they  interact  shall  be  capable  of 
performing  their  intended  function  for 
their  design  life  when  exposed  to 
temperatiu'es  that  can  be  developed  in 
the  system.* 

5.2.1  Thermal  Degradation 

Criterion.  When  exposed  to  maximum 
service  temperatures,  solar  components 
or  materials  shall  not  degrade  to  the 
extent  that  will  significantly  impair  their 
function  during  their  design  life. 

Evaluation.  Compliance  may  be 
documented  with  data  on  satisfactory 
long-term  performance  under  in-use 
conditions  or  engineering  analysis. 
Evaluation  may  occur  at  the  collector, 
component  and/or  material  level. 

When  adequate  information  is 
unavailable  for  a  collector,  the  “no¬ 
flow"  aging  procedure  described  in 
Section  10  of  the  Appendix  shall  be  used 
to  evaluate  degradation.  If  the  above 
test  results  indicate  an  outgassing 
problem,  an  outgassing  test  should  be 
used  to  evaluate  collector  materials. 

When  adequate  information  regarding 
thermal  stability  of  materials  or  other 
system  components  is  unavailable, 
testing  using  the  procedures  outlined  in 
Section  5  of  the  Appendix  or  other 
methods  which  can  be  shown  to  meet 
the  intent  of  the  criterion  shall  be  used. 

To  evaluate  outgassing  of  materials, 
the  test  method  described  in  Appendix 
D  of  NBSIR  77-1437  [6]  or  other  methods 
which  can  be  shown  to  meet  the  intent 
of  the  criterion  may  be  used. 

Where  adequate  information  is 
unavailable  to  evaluate  the  long-term 
performance  of  heat  transfer  fluids 
under  in-use  conditions,  testing  using 
either  the  methodology  outlined  in 
Section  5  of  the  Appendix  or  other 
methods  which  can  be  shown  to  meet 
the  intent  of  the  criterion  shall  be  used. 

When  components  or  materials  are 
tested  in  accordance  with  the 
procedures  outlined  in  Section  5  of  the 
Appendix,  there  shall  be  no  signs  of 
excessive  deterioration  of  optical, 
physical  or  mechanical  properties  or  any 
other  changes  that  would  significantly 
affect  the  performance  of  the 
components  or  the  system. 

Commentary.  Organic  components  in 
the  system  may  be  particularly 
susceptible  to  thermal  degradation 
under  prolonged  exposure.  Organic 
collector  components  of  particular 
concern  include  glazing,  absorbers, 
absorptive  coatings,  heat  traps, 
insulation,  sealants,  gaskets  and 

*  Maximum  and  minimum  service  temperatures 
are  defined  in  Section  1  of  the  Appendix. 


collector  casing  assemblies.  Storage 
containers,  piping,  ducts,  storage  liners 
and  coatings  composed  of  organic 
materials  may  also  be  affected.  Organic 
materials  may  change  shape  or 
dimensions  and  may  lose  strength  or 
become  more  brittle. 

Outgassing  of  condensible  volatiles 
from  components  inside  the  collector 
could  lead  to  deposits  on  the  underside 
of  the  collector  glazing  reducing  glazing 
transmissivity  or  other  changes  in  the 
optical  properties  of  collector 
components.  Materials  that  have  been 
observed  to  outgas  in  operational 
systems  are  gaskets  and  sealants, 
absorptive  coatings  and  insulation. 

Of  majo''  concern  is  the  breakdown  of 
some  heat  transfer  fluids  at  elevated 
temperatures  (250°  F  to  300°  F  or  120°  C 
to  149°  C  for  some  hydrocarbons  and  the 
glycols)  resulting  in  corrosive  by¬ 
products  and  formations  which  create 
scale  and  sludge  within  the  system. 

If  not  considered  in  the  design, 
viscosity  changes  in  heat  transfer  fluids 
may  lead  to  pumping  problems,  such  as 
excessive  pumping  power  requirements 
or  overheating  due  to  heat  transfer  fluid 
thickening. 

5.2.2  Thermal  Cycling  Degradation 

Criterions.  The  H/C/HW  systems, 
their  various  components  and  building 
elements  with  which  they  interact  shall 
be  capable  of  withstanding  the  stresses 
induced  by  thermal  cycling  for  their 
respective  design  life. 

Evaluation.  Compliance  may  be 
documented  with  data  on  satisfactory 
long-term  performance  under  in-use 
conditions  or  engineering  analysis. 
Evaluation  may  occur  at  the  collector, 
component  or  materials  level. 

When  adequate  information  is 
unavailable  to  assess  the  effects  of 
thermal  cycling  on  collectors,  the 
provisional  test  described  in  Section  7.6 
of  NBSIR  78-1305A  [1]  may  be  used. 

When  adequate  iifformation  is 
unavailable  to  assess  the  effects  of 
thermal  cycling  on  materials  or 
components,  testing  using  the 
procedures  outlined  in  Section  6  of  the 
Appendix  or  other  methods  which  can 
be  used  to  meet  the  intent  of  the 
criterion  shall  be  used. 

After  components  or  materials  have 
been  exposed  to  thermal  cycling 
between  their  maximum  and  minimum 
service  temperatures,  there  shall  be  no 
signs  of  excessive  deterioration  of 
optical,  physical,  chemical  or 
mechanical  properties  or  any  other 
changes  that  would  significantly  affect 
the  performance  of  the  components  or 
the  system. 

Commentary.  This  criterion  is 
intended  to  identify  potential  problems 


that  may  occur  as  a  result  of  differential 
thermal  movement.  Physical  restraints 
(including  support  conditions]  that  will 
be  imposed  on  the  system  in  actual  use 
shall  be  considered  when  testing  is 
required. 

Permanent  dimensional  changes 
caused  by  expansion  or  contraction  can 
result  from  thermal  cycling. 

If  thermal  expansion  or  contraction  is 
cumulative  in  system  or  subsystem 
design,  the  test  must  be  designed  to 
reflect  this  condition.  Areas  of  concern 
include  cover  plate/ffame,  collector/ 
support,  collector/collector,  collector/ 
piping,  reflective  surface/substrate, 
piping,  solder  joints,  coupling  hoses, 
sensors,  the  bond  of  tubing  or  coatings 
to  absorber  plates,  and  warping  or 
shrinkage  of  cover  plate  or  absorber. 

Standardized  methods  to  evaluate  the 
durability  of  phase  change  thermal 
storage  materials  due  to  temperature 
cycling  have  not  been  developed. 
Evidence  of  the  ability  of  a  phase 
change  material  to  remain  stable 
through  a  number  of  cycles 
representative  of  a  specified  portion  of 
its  design  life  would  be  useful. 

5.2.3  Thermal  Shock  Degradation 

Criterion.  Solar  components  and 
materials  shall  be  capable  of 
withstanding  the  stresses  induced  by 
thermal  shock  for  their  respective  design 
lives. 

Evaluation.  Compliance  may  be 
documented  w'ith  data  on  satisfactory 
long-term  performance  under  in-use 
conditions,  by  engineering  analysis  or 
by  review  of  plans  and  speciflcations. 

When  adequate  information  regarding 
thermal  shock  resistance  of  collectors  is 
unavailable,  the  provisional  tests  in 
Section  10  of  the  Appendix  or  Section 
7.4  (cold  fill)  of  NBSIR  78-1305A  [1]  shall 
be  used  to  evaluate  degradation.  Other 
tests  which  can  be  shown  to  meet  the 
intent  of  this  criterion  may  also  be  used. 

After  the  thermal  shock  test,  there 
shall  be  no  signs  of  excessive 
deterioration  of  physical  or  mechanical 
properties  or  any  other  changes  that 
would  significantly  affect  the 
performance  of  the  components, 
collectors  or  materials. 

Commentary.  The  intent  of  the 
criterion  is  to  determine  the  ability  of 
the  solar  collector  to  withstand  thermal 
shock  caused  by  heavy  rains  falling  on 
heated  collectors  and  also  to  insure  the 
reliability  of  solar  collectors  to 
withstand  thermal  shock  induced 
through  filling  the  hot  collector  with 
relatively  cool  heat  trtmsfer  fluid  during 
daytime  start-up.  It  has  been  reported 
that  cover  plates  have  failed  due  to  the 
thermal  differential  created  in  the  glass 
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by  the  rapid  sliding  off  of  snow  cover, 
exposing  cold  collectors  to  the  heat  of 
solar  radiation. 

Other  components  such  as  relief 
valves,  balancing  valves,  etc.,  may  also 
be  affected  by  cold  start-up  as  may 
occur  in  drain  down  systems. 

5.3  Effect  of  Chemical  Compatibility  of 
Components 

Requirement.  Materials  used  in  the 
solar  energy  system,  its  various 
components  and  the  building  elements 
with  which  they  interact  shall  have 
sufficient  chemical  compatibility  to 
prevent  corrosion,  deterioration  or  wear 
that  would  significantly  shorten  their 
intended  service  life  under  in-use 
conditions. 

5.3.1  Materials/Transfer  Fluid 
Degradation 

Criterion.  Materials  designed  to  be 
used  in  contact  with  heat  transfer  fluids 
or  the  fluids  shall  not  be  deteriorated  or 
otherwise  adversely  affected  by  such 
contact  to  the  extent  that  their  function 
will  be  significantly  impaired  under  in- 
use  conditions  during  their  design  life. 

Evaluation.  Compliance  may  be 
documented  with  data  on  satisfactory 
long-term  performance  under  in-use 
conditions  or  engineering  analysis  or 
testing. 

Where  adequate  information  is 
unavailable  regarding  metallic 
containment  materials  used  with 
nonaqueous  liquids  or  plastic 
containment  materials,  materials  or 
components  shall  be  tested  using  the 
methodology  outlined  in  Section  7  of  the 
Appendix  or  other  methods  which  can 
be  shown  to  meet  the  intent  olF  the 
criterion.  Evaluation  methods  for 
metallic  containment  materials  used 
with  aqueous  liquids,  rubber  hoses  and 
seals  used  in  contact  with  liquids  are 
provided  in  Table  5.2. 

Commentary.  This  criterion  is 
intended  to  address  the  compatibility  of 
the  heat  transfer  fluid  and  the  materials 
and  components  in  the  energy  transport 
system,  i.e.  collectors,  piping,  tanks, 
connectors,  pumps,  valves,  heat 
exchangers  and  their  related  seals  and 
gaskets.  Metals  and  plastics  are  used  in 
these  applications.  The  heat  transfer 
fluid  may  be  water,  aqueous-organic 
liquid  solutions  or  organic  fluids.  All 
may  contain  various  additives.  Metals 
may  be  susceptible  to  corrosion  in 
systems  with  aqueous  or  organic  heat 
transfer  fluids.  See  also  discussion  of 
problems  created  by  the  thermal 
degradation  of  heat  transfer  liquids  in 
5.2.1.  Some  plastic  materials  are 
sensitive  to  exposure  to  either  aqueous 
or  organic  fluids.  Corrosion  of  metals  by 
heat  transfer  fluids  could  be  a  serious 


problem  in  solar  energy  systems.  SAE 
Standard  J447A  (1964)  [8]  provides 
guidance  in  preventing  corrosion. 
Experience  indicates  that  tight  closed 
loop  systems  help  to  minimize  metallic 
corrosion  by  reducing  the  oxygen 
content  of  the  transfer  fluid. 

Any  use  of  inhibitors  in  heat  transfer 
fluids  should  be  keyed  to  the 
characteristics  of  all  elements  of  the 
solar  energy  system  which  come  in 
contact  with  the  fluid  including 
collectors,  piping,  connectors,  tanks, 
pumps,  valves,  heat  exchangers  and 
their  related  seals  and  gasket.  Inhibitors 
uses  with  non-toxic  heat  transfer  fluids 
should  be  selected  to  comply  with  the 
fluid  safety  requirements  of 
Requirement  4.1.  Further  discussion  is 
included  in  Reference  [9]. 

Although  boiling  can  be  prevented  by 
pressurization,  excessive  temperatures 
can  break  down  some  constituents  of 
the  fluid  to  form  organic  acids.  Buffers 
can  counter  the  pH  balance  but  only 
until  they  are  exhausted.  Changes  in  pH 
can  be  accepted  but  when  the  level  is 
outside  the  allowable  range,  the  transfer 
fluid  or  at  least  the  butters  must  be 
renewed.  This  can  be  an  acceptable 
maintenance  requirement. 

Thermal  cycling  may  cause 
precipitation  to  occur  which  may  lead  to 
a  build  up  of  solids  in  pump  seals  and 
valve  seats  which  may  lead  to 
malfunction. 

When  heat  transfer  fluids  are  used  as 
absorbers,  a  bleaching  of  the  fluid  may 
significantly  reduce  system 
performance.  See  also  Criterion  5.1.1. 

Tables  3  and  4  in  Section  11  of  the 
Appendix  are  intended  to  provide 
general  guidelines  for  the  selection  of 
metals  or  alloys  for  use  in  solar 
collectors.  Various  alloys  of  the  same 
base  metal  may  show  significant 
variation  in  resistance  to  corrosion. 
Small  concentration  changes  in  a 
number  of  chemical  elements  may 
significantly  change  the  corrosion 
behavior  of  a  material  at  a  specific 
temperature.  A  complete  description  of 
this  behavior  is  not  possible  in  this 
document.  Generally  unacceptable  use 
conditions  as  stated  should  be  avoided 
unless  it  has  been  demonstrated  that  the 
metal  or  alloy  perform  suitably  in  the 
anticipated  use  condition.  Adequate 
performance  is  anticipated  for  normal 
operation  in  generally  acceptable  use 
conditions  if  these  general  guidelines 
are  followed. 

Since  plastics  are  generally 
nonconductors,  galvanic  and 
electrochemical  corrosion  encountered 
with  metals  are  nonexistent  in  plastic 
components.  However,  the  physical  and 
mechanical  properties  of  some  plastics 
can  be  affected  significantly  by  heat 


transfer  fluids.  These  effects  are  usually 
more  pronounced  at  the  elevated 
temperatures  which  accompany  the  heat 
transfer  fluid  in  an  operating  solar 
system.  Incompatibility  can  cause 
plastics  to  swell,  delaminate,  soften, 
crack,  become  brittle,  lose  strength,  etc. 
The  specific  response  is  dependent  upon 
the  combination  of  polymer  and  heat 
transfer  fluid.  The  Uni-Bell  Plastic  Pipe 
Association  has  developed  a  Handbook 
of  PVC  Pipe  Design  and  Construction 
[10]  which  provides  tables  of  the 
resistance  of  PVC  pipe  and  elastomeric 
seals  to  reaction  with  or  attack^y  the 
chemical  agents.  The  information  in  it 
should  be  used  as  a  guide  only.  Due  to 
the  complexity  of  some  organic  chemical 
reactions,  additional  long-term  testing 
should  be  performed  to  determine 
performance  of  plastic  components  with 
fluids  at  elevated  temperatures. 

5.3.2  Dissimilar  Metals  Degradation 

Criterion.  Non-isolated  dissimilar 
metals  shall  not  be  degraded  to  the 
extent  that  their  function  will  be 
significantly  impaired  under  in-use 
conditions  during  their  design  life. 

Evaluation.  Compliance  may  be 
documented  with  data  on  satisfactory 
long-term  performance  under  in-use 
conditions  or  engineering  analysis. 
Where  adequate  information  is 
unavailable,  testing  using  either  the, 
methodology  outlined  in  Section  8  of  the 
Appendix  or  other  methods  which  can 
be  shown  to  meet  the  intent  of  the 
criterion  shall  be  used.  Dissimilar  metals 
used  in  contact  with  heat  transfer  or 
other  fluids  shall  be  tested  to  reflect  this 
condition.  Where  protective  finishes  are 
normally  provided,  they  shall  be  used  on 
the  specimens  tested. 

Commentary.  The  use  of  corrosion 
inhibitors  and  dielectric  fittings  that 
electrically  isolate  dissimilar  metals  is 
desirable.  The  use  of  dielectric  fittings 
may  conflict  with  electrical  grounding  or 
lightning  protection  requirements.  The 
presence  of  pinholes  in  protective 
coatings  may  drastically  accelerate 
corrosive  action. 

Attention  should  be  paid  to  all 
elements  of  a  solar  system  when 
considering  compatibility  of  dissimilar 
metals.  This  should  include  energy 
transport  system,  structural  support  and 
connections,  fabricated  parts  and 
roofing  materials. 

5.3.3  Compatibility  of  Adjacent 
Organic  Materials 

Criterion.  Organic  solids  in  contact 
with  other  organic  solids  or  inorganic 
materials  shall  not  be  degraded  to  the 
extent  that  their  function  will  be 
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significantly  impaired  during  their 
design  life. 

Evaluation.  Compliance  may  be 
documented  with  data  on  satisfactory 
long-term  performance  under  in-use 
conditions  or  engineering  analysis. 
Where  adequate  information  is 
unavailable,  testing  using  either  the 
methodology  outlined  in  Section  9  of  the 
Appendix  or  other  methods  which  can 
be  shown  to  meet  the  intent  of  the 
criterion  shall  be  used. 

Commentary,  Incompatibility  can 
occur  between  organic  materials  and 
between  organic  materials  and 
inorganic  materials  such  as  metals  or 
phase  change  salts.  Some  sealants  and 
gaskets  are  incompatible  with  plastic 
glazing  materials.  Plasticizer  migration 
can  result  in  discoloration,  softening  and 
other  types  of  deterioration. 

Inorganic  phase  change  salts  have 
been  stored  in  plastic  containers. 
Leakage  in  the  containers  can  result 
from  deterioration  of  the  material 
caused  by  either  mechanical  (e.g. 


thermal  expansion)  or  chemical 
incompatibility  of  the  salt  and  plastic. 

This  criterion  is  not  intended  to 
address  the  compatibility  of  organic 
transfer  fluids  with  adjacent  materials 
covered  in  Criterion  5.3.1. 

5.4  Effects  of  Wear. 

Requirement.  Components  that 
involve  moving  parts  shall,  with  normal 
maintenance,  be  capable  of  performing 
their  intended  function  without 
excessive  wear  or  deterioration  for  their 
design  life. 

5.4.1  Degradation  by  Wear 

Criterion.  Dampers,  check  valves, 
pressure  regulators,  pumps,  control 
devices,  collector  tracking  mechanisms, 
insulation  movement  mechanisms  and 
assemblies,  and  similar  components 
shall  be  capable  of  operating  under  in- 
use  conditions  without  exhibiting  wear 
or  fatigue  that  would  significantly 
impair  their  ability  to  perform  their 
intended  function  over  their  design  life. 


Evaluation.  Compliance  may  be 
documented  with  data  on  satisfactory 
long-term  performance  under  in-use 
conditions,  engineering  analysis  or 
testing  using  an  experimental 
verification  procedure  which  can  be 
shown  to  meet  the  intent  of  the  criterion. 

Commentary.  Inclusion  of  the  heat 
transfer  fluid  during  tests  of  components 
with  moving  parts  may  be  necessary  to 
met  the  intent  of  this  criterion.  Many  of 
the  components  described  in  this  criteria 
involve  the  use  of  conventional 
components  in  unusual  applications.  A 
record  of  satisfactory  performance  in 
conventional  applications  may  not  be 
sufficient  to  adequately  predict 
performance  in  solar  applications  and 
careful  evaluation  is  desirable. 
Components  containing  moving  parts 
whose  use  rarely  occurs,  except  for 
safety  reasons  such  as  pressure  relief 
devices,  vacuum  breakers,  etc.,  are  of 
particular  concern. 
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TABLE  5.2 


Materials  or  Components 


Evaluation  Procedures 


Sealants  and  gaskets  for  flat 
plate  collectors  V 

Seals  and  gaskets  for  use  In 
contact  with  liquids 

Sealants  and  gaskets  for 
concentrating  collectors  V 

Seals  and  gaskets  for  use  In 
air/ heat  transport  TJ 

Cover  materials  for  flat  plate 
solar  collectors 

Rubber  hoses 


ASTM  D3667 

ASTM  D3832 

ASTM  D3771 

ASTM  D3903-80 

ASTM  E765-80 
ASTM  E782-81 

ASTM^  D3952-80 


Insulation  for  solar  collectors 


Appendix  of  NBSIR 
79-1908 


Metallic  containment  materials 
for  use  with  liquids 


ASTM  E712-80 
ASTM  E745-80 


Absorptive  materials 


ASTM  E744-80 
ASTM  E781-81 


"U  Required  for  active  systems  only.  Seals  for  passive  systems 
should  meet  requirements  for  building  joint  seals. 
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Chapter  6. — Operation  and  Servicing 
.6.0  Introduction 

the  installation,  operation  and 
servicing  phases  are  most  critical  to  the 
performance  of  solar  energy  systems. 
There  has  been  consistent  evidence  that 
faulty  actions  during  these  phases  are  a 
primary  cause  of  poor  performance, 
accelerated  deterioration  and  system 
damage,  the  difHculties  of  mandating 
performance  criteria  for  installation, 
operation  and  maintenance  is 
acknowledged;  however,  it  is  essential 
that  owners  and  installers  be  provided 
with  appropriate  instructions  for  their 
systems  and  that  good  practice  methods 
are  followed. 

This  chapter  complements  and 
extends  certain  provisions  in  Chapter  3 
such  as;  system  balancing,  3.1.2;  liquid 
quality,  3.2.3  draining  and  Hlling,  3.2.5; 
and  freeze  protection  in  general,  3.6.  An 
initial  checkout  must  verify  that  the 
system  is  installed  correctly  and  that  it 
functions  properly  in  all  modes  of 
operation  including  proper  flow  rates.  It 
is  important  the  adequate  information 
and  access  a  high  level  of  performance 
and  to  anticipate  problems. 

6. 1  Manuals  and  Instructions 

Requirements.  A  manual  shall  be 
provided  containing  instructions  for  the 
installation,  operation  and  maintenance 
of  the  N/C/HW  systems  and/or 
components.  The  extent  of  detail  of  the 
manuals  shall  be  consistent  with  the 
need  for  descriptive  information  to 
properly  operate  and  maintain  the 
system. 

Commentary.  This  manual  may 
consist  in  whole  or  in  part  of  a  series  of 
instruction  sheets  provided  by  the 
various  system  or  component 
manufacturers.  It  may  be  s  single 
manual,  or  installation  instructions  may 
be  separate  from  operation  and 
maintenance.  Complex  installations 
should  be  provided  with  comprehensive 
manuals.  A  packaged  hot  water  system 
conversely  may  require  only  a  simple 
manual.  The  simplest  passive  system 
may  warrant  no  more  than  an  attached 
informative  label  or  tag. 

6.1.1  Installation  Instructions 

Criterion.  Instructions  shall  be 
provided  which  describe  the  installation 
and  removal  (when  required)  of  each 
solar  energy  system  component  in  step- 
by-step  fashion  with  appropriate  detail. 

These  instructions  shall  describe  the 
interconnection  requirements  of  the 
various  systems  and  components  and 


their  interface  requirements  with  the 
building  and  site. 

the  instructions  shall  be  available  at 
the  installation  site  or  from  normally 
accessible  sources. 

Evaluation.  Review  installation 
instructions. 

Commentary.  It  is  not  the  intent  of 
this  criterion  to  require  the  provision  of 
complete,  detailed  system  installation 
specifications.  For  active  systems,  such 
specifications  would  normally  be  project 
specific  and  part  of  the  procurement 
process.  Construction  drawings  and 
specifications  may  be  required  for 
passive  and  other  site  built  systems. 

Reference  [Ij*  provides  guidelines  for 
installing,  operating  and  servicing  solar 
HW  systems.  Reference  [2]  provides 
standard  practice  of  installation  and 
service  of  solar  space  heating  systems 
(H)  for  one-and  two-family  dwellings. 

6.1.2  Operation  and  Maintenance 
Instructions 

Criterion.  Operation  instructions  shall 
be  provided  which  describe  operation  in 
all  modes,  including  start-up  and 
shutdown  under  normal  and  emergency 
conditions.  Description  of  important 
temperature,  flow  and  pressure 
information  for  check  points  throughout 
the  system  shall  be  given.  The 
maintenance  manual  shall  provide  a 
system  schematic  diagram  and  describe 
required  periodic  maintenance  and 
detailed  information  for  selected  repair 
procedures  such  as  removal  and 
replacement  of  cover  plates. 

Evaluation.  Review  maintenance  and 
operating  instructions. 

Commentary,  for  most  active  systems, 
flow  diagrams  and  wiring  diagrams 
should  be  included.  In  any  system  where 
preformance  requirements  are 
dependent  upon  specific  maintenance 
procedures  these  should  be  tabulated. 
The  manual  should  specify  acceptable 
methods  of  cleaning  glazed  surfaces. 

6.1.3  Maintenance  Plan 

Criterion.  The  manual  shall  include  a 
comprehensive  plan  for  maintaining  the 
speciHed  performance  of  the  H/C/HW 
systems  for  their  design  service  lives. 

Evaluation.  Review  of  maintenance 
plan. 

Commentary.  This  criterion  is 
applicable  to  both  active  and  passive 
systems  in  new  as  well  as  existing 
buildings.  The  plan  should  include  all 
the  necessary  ordinary  maintenance, 
preventive  maintenance  end  minor 
repair  work,  and  projections  for 
equipment  replacement  and 


’Numbers  in  brackets  |  ]  indicate  references  at 
the  end  of  this  chapter. 
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maintenance  of  heal  transfer  fluid 
quality  as  appropriate.  Periodic 
changing  or  cleaning  of  strainers  and 
filters  is  one  example  of  ordinary 
maintenance.  Cleaning,  repairing  or 
replacing  of  cover  plate  materials  should 
also  be  included. 

6.1.4  Maintenance  Hazards 

Criterion.  The  manual  shall  provide 
prominently  displayed  warning  against 
hazards  that  could  arise  in  the 
maintenance  of  the  system  and  shall 
fully  describe  the  precautions  that 
should  be  taken  to  avoid  these  hazards. 

Evaluation.  Review  the  maintenance 
instructions. 

Commentary.  Some  systems  contain 
toxic  and/or  combustible  materials  that 
could  result  in  ill  effects  to  maintenance 
personnel  or  result  in  fires,  explosions 
or  toxic  fumes  when  repairs  involving 
soldering  or  welding  are  undertaken. 

See  Criterion  4.2.4  for  handling  and 
disposal  of  toxic  fluids. 

Hot  pipes  or  valves  and  discharge 
points  should  be  identified. 

6.1.5  Flushing  Liquid  System 

Criterion.  The  manual  shall  provide 
instructions  for  initial  flushing  as 
required  and  periodic  flushing 
(cleaning),  if  required,  of  the  liquid 
passages. 

Evaluation.  Review  drawings, 
specifications  and  operation  manual. 

Commentary.  Metal  filings,  flux, 
solder,  silt  and  other  contaminants 
should  be  flushed  out  of  the  system  prior 
to  operation.  Water  should  not  be  used 
to  flush  systems  that  use  hydrocarbon  or 
silicone  heat  transfer  fluids.  Systems 
using  oil  as  the  heat  transfer  fluid  should 
be  flushed  with  a  cleaner  which  is 
soluble  with  the  solder  flux  used  and 
then  thoroughly  dried  before  filling  with 
the  oil.  Flux  within  the  system  may  be 
caught  in  crevices.  At  this  point,  with 
elevated  temperature,  any  moisture 
would  rapidly  oxidize  the  adjacent 
metal.  See  also  Criterion  3.2.2. 

6.1.6  Protection 

Criterion.  The  instruction  shall 
provide  information  for  protection  of  the 
system  during  installation  and  * 
maintenance. 

Evaluation.  Review  installation  and 
maintenance  instructions. 

Commentary.  Collectors,  controls  and 
other  components  may  require  special 
protective  measures  during  installation 
and  shutdown  for  maintenance  such  as 
covering  of  collectors  to  prevent 
breakage  of  glazings  and  to  prevent 
stagnation.  Caution  should  be  exercised 
in  the  selection  and  use  of  temporary 
coverings  to  avoid  permanent  damage  of 
glazing  such  as  etching  and  staining,  and 


adhesive  materials  which  may  become 
difficult  to  remove. 

6.1.7  Normal  Operation  by  Occupant 

Criterion.  Instructions  shall  be  written 
to  inform  the  occupant  of  the  minimum 
actions  required  for  the  normal 
operation  of  the  solar  energy  system 
including  the  probable  heat  gains  or 
losses  dependent  on  occupant  actions. 

Evaluation.  Review  operation 
instructions. 

Commentary.  Required  occupant 
activity  such  as  operating  movable 
insulation,  shades  or  controls  may  be 
critical,  especially  for  some  passive 
installations.  Required  manual 
operations  should  be  minimized  and  the 
occupant  should  be  advised  of  the 
consequences  of  energy  gained  or  lost 
and  potential  system  or  building  damage 
(e.g.  water  freezing)  for  actions  taken  on 
a  daily  and  seasonal  basis  including 
times  of  building  vacancy. 

6.2  Maintenance  and  Servicing 

Requirement.  The  H/C/HW  systems 
shall  be  designed,  constructed  and 
installed  to  provide  sufficient  access 
and  appurtenances  for  general 
maintenance  and  convenient  servicing. 

6.2.1  Heat  Transfer  Liquid  Quality 

Criterion.  Provisions  shall  be  made  to 
maintain  the  quality  of  the  heat  transfer 
liquid  at  a  level  that  does  not 
significantly  impair  its  heat  transfer 
function,  reduce  its  compatibility  with 
adjacent  materials  or  reduce  freeze 
protection. 

Evaluation.  Review  specifications  and 
monitoring  of  the  heat  transfer  liquid  for 
pH,  buffering  level,  viscosity  and 
concentration. 

Commentary.  Experience  from 
demonstration  programs  indicate  the 
importance  of  heat  transfer  liquids  and 
their  quality  in  preventing  freeze-ups 
and  corrosion,  and  for  general  system 
performance.  When  make-up  water  is  of 
such  a  quality  that  excessive  corrosion 
is  known  to  exist,  a  suitable  water 
treatment  system  as  recommended  by 
the  Water  Quality  Association  Industry 
Standards  S-100-75  and  S-200-73 
should  be  provided  [3].  The  chemical 
composition  of  the  heat  transfer  liquid 
should  be  maintained  (perhaps  by 
periodic  replenishment  of  additives)  at 
levels  adequate  to  prevent  unacceptable 
deposits  on  the  heat  transfer  surfaces, 
corrosion  of  the  surfaces  with  which  the 
heat  transfer  liquid  conies  in  contact,  or 
loss  of  freeze  resistance.  Antifreeze 
solutions  may  lose  their  freeze 
protection  capability  over  time  due  to 
deterioration  in  the  addition  of  “make¬ 
up”  water.  Provisions  for  sampling  the 
heat  transfer  liquid  should  be  available. 


See  Criteria  3.2.3  and  3.2.5  for 
maintenance  related  devices  and 
Reference  [4]  for  the  influence  of  heal 
transfer  fluid  properties  on  thermal 
performance. 

Heat  transfer  liquids  should  be  tested 
and  replaced  at  intervals  suggested  by 
the  manufacturer.  Some  sources 
recommend  checking  water /glycol 
mixtures  twice  a  year.  See  also  Critrion 
6.1.3.  Water  in  unprotected  steel  drums 
or  other  metal  containers  in  water 
storage  walls  should  be  deionized  or 
distilled  and  buffered  to  reduce 
corrosion  (pH  >8  or  <12  for  steel). 

6.2.2  Access  for  Systems  Maintenance 

Criterion.  All  individual  items  of 
equipment  and  components  of  the  H/C/ 
HW  systems  which  may  require  periodic 
examination,  adjusting,  servicing  and/or 
maintenance  shall  be  accessible  for 
inspection,  service,  repair,  removal  or 
replacement  without  dismantling  of  an 
adjoining  major  component  or  building 
element. 

Evaluation.  Review  drawings  and 
specifications. 

Commentary.  Accessibility  as  a 
function  of  component  life  is  an 
important  consideration.  Individual 
collectors  in  an  array  should  be 
replaceable  or  repairable  without 
disturbing  non-adjacent  collectors  in  the 
array  or  other  access  provisions  should 
be  made.  Cover  plates  and  roof  glazing, 
especially  those  susceptable  to 
degradation  by  environmental  exposure 
and  hazards  such  as  damage  by  falling 
hail,  limbs,  etc.,  should  be  readily 
accessible  for  repair  or  replacement 
without  special  skills  or  tools  and 
without  readily  available  materials. 
Provisions  for  recoating  of  Trombe  walls 
and  cleaning  of  glazing  and  spaces 
between  glazing  and  wall  should  be 
considered.  Access  to  collector  glazings 
which  require  periodic  recoating  may  be 
necessary. 

Access  to  storage  units  may  be 
necessary.  Rock  storage  and  liquid 
storage  in  both  active  and  passive 
systems  may  require  access  for  cleaning 
or  replacement.  Isolation  valves  may  be 
necessary  for  the  repair  or  replacement 
of  system  components.  Dampers  require 
access  for  maintenance,  monitoring, 
adjusting  and  balancing.  Information  on 
access  provisions  is  provided  in 
Reference  [5]. 

6.2.3  Servicing  of  H/C/HW  Systems 

Criterion.  The  H/C/HW  systems  shall 
be  capable  of  being  serviced  with  a 
minimum  amount  of  special  equipment 
by  the  appropriate  existing  trades 
(HVAC,  plumbing,  etc.)  using  a  service 
manual. 
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Evaluation.  Review  drawings, 
specifications  and  service  instruction 
manuals. 

Commentary.  The  complexity  and 
design  of  certain  components  may 
require  their  removal  and  replacement 
to  accomplish  repair  of  the  system. 
Routine  servicing  of  many  systems  may 
not  require  special  personnel  and 
equipment. 

6.2.4  Maintainability  of  Building  and 
Site 

Criterion.  The  H/C/HW  system  shall 
not  impair  accessibility  for  or  add 
significantly  to  the  practical 
maintainability  of  the  building  or  site. 

Evaluation.  Review  maintenance^ 
plans,  site  plans  and  building  and  solar 
system  drawings. 

Commentary.  Building  materials 
adjacent  to  solar  equipment  should  not 
be  exposed  to  elevated  temperatures 
that  result  in  adverse  physical,  chemical 
mechanical  or  thermal  changes  causing 
additional  maintenance  problems  or 
such  materials  should  be  selected  to 
withstand  these  effects. 

6.2.5  Maintainability  of  Roof  Surfaces 

Criterion.  The  installation  of 
collectors  and  other  solar  energy 
components  on  the  building  roof  should 
not  reduce  the  ability  of  the  roof 
covering  to  restrict  the  entrance  of 
moisture  and  weather  and  be  resistant 
to  deterioration. 

Evaluation.  Review  drawings  and 
specifications. 

Damage  or  other  adverse  conditions 
might  occur  during  servicing  as  well  as 
installation  and  measures  to  protect  the 
roof  should  be  taken. 

Commentary.  The  presence  of  solar 
equipment  on  roofs  my  lead  to  numerous 
potential  problems: 

a.  Reroofing  in  future  years  may  be 
complicated  by  collectors  mounted  close 
to  the  surface,  by  supports,  and  pipe  and 
wiring  penetration. 

b.  Numerous  penetrations  of  roof 
membranes  mean  greater  maintenance 
problems  and  potential  leakage. 

c.  Some  heat  transfer  fluids  will  attack 
certain  roofing  materials,  and  leakage 
from  the  system  may  present  problems 
of  roof  degradation  and  deterioration. 

d.  The  growth  of  fungi  (mold  and 
mildew)  is  possible  when  collectors  are 
applied  to  a  roof  surface.  If  the 
collectors  are  in  contact  with  the 
membrane  or  held  away  from  the 
membrane  to  allow  for  drainage,  the 
shaded  area  can  support  the  growth  of  a 
fungus  leading  to  roofing  deterioration. 
Special  design  considerations  should  be 
included  to  avoid  this  problem. 

e.  Hot  collector  surfaces  and  other 
heated  components  closely  adjacent  to 


the  roof  surface  can  cause  softening  of 
the  roofing  materials  leading  to 
deterioration. 

f.  The  presence  of  solar  equipment,  its 
position  relative  to  the  roof  and  the 
various  supports  and  penetrations  used 
may  increase  the  collection  of  debris 
such  as  branches  and  leaves,  and 
required  additional  maintenance 
attention. 

g.  The  ice  and  melt  water  that  may 
occur  due  to  the  presence  of  solar 
equipment  requires  attention  to  the 
adequacy  of  roof  moisture  barriers 
under  adverse  conditions  and  avoidance 
of  details  likely  to  promote  the 
accumulation  of  large  quantities  of  ice, 
or  likely  to  be  damaged  by  the  weight  of 
expansive  action  of  ice. 

h.  The  foot  traffic  generated  by  solar  " 
system  maintenance  personnel  may 
cause  deterioration  of  the  roof  system. 

6.3  System  Monitoring 

Requirement.  Provision  shall  be  made 
for  system  monitoring  in  accordance 
with  the  specifications  of  the  operation 
and  maintenance  manual. 

6.3.1  Checkout 

Criterion.  On  completion  of 
installation,  the  system  operation  shall 
be  checked  for  adequate  performance  of 
all  components  as  well  as  the  system  as 
a  whole. 

Evaluation.  Inspection  and  testing 
shall  be  performed  on  the  installation  to 
verify  that  the  system  and  components 
are  capable  of  operating  as  specified  in 
the  design  and  the  manuals  defined  in 
Requirement  6.1. 

Commentary.  Monitoring  means  may 
involve  sensors  and  indicators  or  may 
be  as  simple  as  inspection. 

Controls  should  be  checked  in 
operation  to  determine  that  components 
operate  at  the  proper  set  points,  that 
pumps  and  fans  start  and  stop  properly, 
and  that  fail  safe  devices  work.  Failure 
or  improper  operation  of  sensors  and 
controls  have  caused  many  problems.  It 
is  recommended  that  means  be  provided 
during  installation  to  allow 
temperatures  and  flow  rates  to  be 
checked  during  operation  of  the  system. 
Poor  design  and  improper  installation  of 
components  is  a  major  cause  of  system 
malfunction.  A  large  proportion  of 
mechanical  failures  become  apparent 
within  a  short  period  of  operation. 
Incorrectly  wired  controls,  improper 
control  set  points,  improper  component 
location,  reversed  components,  improper 
sensor  installation,  etc.,  are  examples  of 
faulty  design  and/or  installation. 

It  is  important  to  check  distribution 
systems  to  assure  that  all  spaces 
intended  to  receive  heating  and  cooling 
in  the  design  receive  it  in  the  actual 


installation.  This  is  particularly 
important  with  passive  systems. 

6.3.2  Minimum  Operating  Information 

Criterion.  Provisions  shall  be  made  to 
indicate  to  the  user  when  the  collector 
loop  and/or  the  auxiliary  energy  system 
is  operating. 

Evaluation.  Review  drawings, 
speciHcations  and  operating 
instructions. 

Commentary.  A  minimum  level  of 
information  is  essential  to  the  user  to 
assure  that  the  solar  system  is 
functioning  as  intended.  Monitoring 
means  may  involve  sensors  and 
indicators  or  may  be  as  simple  as 
observation  and  awareness  of 
appropriate  radiant  temperatures  and 
air  movement. 

6.3.3  Access  for  System  Monitoring 

Criterion.  Appropriate  access  shall  be 
provided  for  checking  essential  system 
parameters. 

Evaluation.  Review  drawings  and 
specifications  for  the  placement  of 
fittings  and  indicators  of  essential 
system  parameters. 

Commentary.  Adequately  located  test 
fittings  and  indicators  will  permit 
system  monitoring  and  expedite  the 
maintenance  and  repair  of  equipment. 
Access  for  sensors  and  other  techniques 
for  monitoring  parameters  such  as 
temperature,  pressure  and  critical 
voltages  are  of  concern  in  this  provision. 
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Section  1.  Temperature  Conditions 

Many  of  the  criteria  given  in  Chapter 
5  and  this  Appendix  contain  references 
to  the  maximum  or  minimum  service 
temperatures  in  specifying  the 
temperature  at  which  testing  should  be 
performed.  The  maximum  service 
tempenture  is  the  maximum 
temperature  at  which  a  system  and  its 
components  are  designed  to  operate, 
either  with  or  without  the  flow  of  heat 
transfer  fluid.  The  minimum  service 
temperature  refers  to  the  minimum 
temperature  at  which  a  system  and  its 
components  are  designed  to  operate, 
with  or  without  the  flow  of  heat  transfer 
fluid. 

The  minimum  service  temperature  to 
which  a  component  in  the  system  will  be 
exposed  will  generally  occur  when  (1) 
the  collector  is  not  exposed  to  solar 
radiation,  (2)  the  heat  transfer  fluid  is 
not  flowing  through  the  system,  and  (3) 
the  ambient  temperature  is  at  its  lowest 
level.  The  no-flow  condition  mentioned 
above  assumes  the  flow  of  the  heat 
transfer  fluid  will  be  stopped  when  no 
useful  energy  can  be  removed  from  the 
collector  to  avoid  pumping  out  heat 
energy.  However,  if  the  flow  of  fluid  is 
not  stopped  at  night,  the  minimum 
service  temperatme  of  some 
components  may  occur  as  nocturnal 
radiation  and/or  evaporative  cooling 
takes  place. 

The  maximum  service  temperature  to 
which  the  collector  and  components  that 
are  in  intimate  contact  with  it  will  be 
exposed,  will  generally  occur  when  the 
collector  is  receiving  its  maximum  level 
of  solar  radiation  at  maximum  ambient 
temperature  and  the  heat  transfer  fluid 
is  not  flowing  through  the  collector 
(design  maximum  no-flow  temperature). 
Other  components,  such  as  those  in  the 
storage  system  will  generally  reach  their 


maximum  temperature  when  the 
collector  is  receiving  its  maximum  level 
of  solar  radiation  at  maximum  ambient 
temperature  and  the  heat  transfer  fluid 
is  flowing  through  the  system  (design 
maximum  flow  temperature).  This 
temperature  may  be  determined  by 
limiting  the  temperature  of  control 
devices  or  relief  valves  or  through 
theoretical  or  test  analysis  of  the 
system.  The  design  maximum  no-flow 
temperature  that  will  occur  at  various 
locations  in  the  collector  can  be 
calculated  by  use  of  an  analytical  model 
and  appropriate  environmental 
conditions.  Typical  examples  of  this 
type  of  information  are  shown  in  Figures 
1  through  4. 

Figures  1  through  4  are  intended  to 
provide  assistance  in  establishing  the 
maximum  no-flow  temperature  of 
critical  components  for  four  “typical" 
flat  plate  collector  designs.  Glazing  and 
absorber  plate  temperatures  are  plotted 
as  a  function  of  ambient  temperature  for 
exposure  to  a  solar  radiation  flux  of  340 
Btu/ft*hr  (1070  W/m^.  Data  are  shown 
for  single  and  double  covers  and 
absorber  surfaces  of  flat  plate  collectors 
assuming  two  types  of  cover  glass 
materials  (a  typical  window  glass 
ojaterial  and  a  more  transparent  glass 
material  with  a  low  iron  oxide  content) 
and  two  types  of  absorbers  (spectrally 
flat  and  selective  black  absorber 
coatings).  The  calculations  were 
performed  with  a  transient  thermal 
analysis  computer  program  using  flnite 
difference  techniques  (1).*  The 
calculations  were  based  on  the 
following  assumptions: 

(1)  a  glass  cover  plate  thickness  of  Vk 
in.  (0.32  cm);  (2)  air  space  thickness  of  % 
in,  (0.95  cm)  between  the  two  glazings 
and  between  the  absorber  surface  and 
the  inner  glazing;  (3)  zero  edge  and  back 
losses;  (4)  incident  solar  radiation  is 
normal  to  the  collector;  and  (5)  the 
following  properties  of  the  glass  glazing: 


Conventional  glass 

Low  iron  oxide 
glass 

Absorptance . - 

-  0.06 . . . 

0.02 

Extinction 

0.07  per  in. 

0.20  per  in. 

Coefficient 

(2.76x10*  per 

(7.87x10  *  per 

mm). 

mm) 

Index  of 
Refraction. 

1.52 . 

1.52 

Thermal 

0.589  BTU/fth.”F 

0.589  BTU/ft.h.’F 

Conductivity. 

(1.019  W/m.'C). 

(1.019  w/m.’C) 

Transmittance- . 

...  0.86....- . 

.  0.90 

_  0.86 _ 

.  0.86 

‘Numbers  in  brackets  [  )  indicate  reference  at 
end  of  this  chapter. 


Federal  Register  /  Vol.'46.  No.  121  /  Wednesday,  June  24,  1981  /  Notices 


32791 


It  should  be  noted  that  the  exposure 
conditions  represent  typical  maximum 
conditions  and  that  a  higher  solar 
radiation  flux  can  be  experienced  under 
some  atmospheric  conditions  or  by  the 
use  of  external  reflectors.  It  is 
recommended  that  the  temperature  of 
critical  components  be  experimentally 
established  for  a  particular  collector 
design  whenever  possible. 
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Figure  1  No  Flow  Temperatures  at  Various  Locations  in  a  Collector  with 
a  Flat  Black  Absorber  and  Two  Class  Cover  Plates. 
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SOLAR  lADlATIOM  (  V/b^  ) 


Figure  4  No  Flow-Temperatures  at  Various  Locations  in  a  Collector  with  a 
Selective  Absorber  and  One  Glass  Cover  Plate. 
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Section  2.  Evaluation  Methods 

The  evaluations  given  in  Chapter  5 
and  Sections  3  through  9  of  this 
Appendix  are  intended  to  provide  a 
means  oTmeasuring  the  deterioration  of 
materials  which  would  occur  during  use. 
Deterioration  of  materials  is  a  measure 
of  their  durability.  Deterioration  is  a 
result  of  exposure  of  the  material  to  an 
environment  which  causes  changes  in 
its  properties.  To  screen  materials  and 
to  assess  durability,  properties  must  be 
measured  before  and  after  exposure  to  . 
an  environmental  aging  procedure. 
Assessment  of  properties  should 
include:  visual  inspection  of  surfaces 
plus  measurement  of  appropriate 
optical,  physical,  mechanical  or 
chemical  properties.  Important 
properties  will  depend  upon  the 
application  and  the  type  of  material. 
Tables  la-lc  identify  the  properties 
which  must  be  measured  before  and 
after  aging  for  various  materials  and 
components.  Methods  to  perform  typical 
property  tests  are  listed  in  Table  2. 

Other  test  methods  may  also  be  used,  if 
necessary,  to  document  performance. 
Recommended  aging  procedures  and 
property  assessment  methods  are 
included  in  Sections  3  through  9. 

Section  3.  Test  Methodology:  Criterion 
5.1.1  Solar  Degradation 

Components  or  materials  shall  be 
tested  using  at  least  one  aging  procedure 
and  appropriate  property  assessment 
methods  (Table  la). 

Aging  Procedure  1  (Simulated 
Laboratory  Exposure) 

Acceptable  exposure  procedures 
include  ASTM  G26-77,  Operating  Light 
Exposure  Apparatus  (Xenon-Arc  Type) 
With  and  Without  Water  for  Exposure 
of  Non-Metallic  Metals,  [2]  or  ASTM 
D2565-75,  Operating  Xenon  Arc-Type 
(Water  Cooled)  Light  and  Water 
Exposure  Apparatus  for  Exposure  of 
Plastics  [3]. 

Expose  components  or  materials  to 
simulated  solar  radiation.  With  the  Type 
A  or  AH  apparatus,  the  exposure 
periods  shall  be  1400  hours.  With  the 
Type  B  or  BH  apparatus,  the  exposure 
periods  shall  be  1900  hours.  The  exterior 
surfaces  of  components  which  are 
exposed  to  rainfall  in  service  shall  be 
subjected  to  a  water  spray.  The 
exposure  cycle  should  be  90  minutes  of 
light  only,  followed  by  30  minutes  of 
light  with  water  spray.  For  components 
not  exposed  to  moisture  under  normal 
operating  conditions,  the  water  spray 
shall  not  be  included  in  the  procedure. 


Aging  Procedure  2  (Outdoor  Exposure 
Using  Concentrated  Natural  Radiation) 

Using  concentrated  natural  solar 
radiation  machines  such  as  those 
referenced  in  paragraph  4.3.2  of  ANSI 
Z97.1-1975  [4]  expose  components  or 
materials  to  concentrated  natural  solar 
radiation  until  they  have  received  a  total 
incident  radiant  exposure  of  5.4X10® 
Btu/ft®  (6.0  GJ/m*).  Exterior  surfaces 
exposed  to  moisture  in  service  shall  be 
subjected  to  water  spray  for  a  period  of 
8  minutes  during  each  60  minutes  of 
sunlight  exposure.  The  water  spray 
should  be  at  a  rate  of  1.75X10"*  gal/ 
min.ft*  (1.18X10"*  L/s.m*)  -|- 20  percent. 
For  components  not  exposed  to  rainfall 
under  normal  operating  conditions,  the 
water  spray  shall  not  be  included  in  the 
procedure. 

The  test  specimens  shall  be  framed 
and  off-mounted  between  Vt  and  ¥2  in. 

(6  and  12  mm)  from  the  target  board. 
Cooling  shall  be  provided  to  maintain 
the  specimen  temperature  at  not  more 
than  59°  F  (33°  C)  above  the  upper 
specimen  temperature  that  would  be 
achieved  when  identically  mounted  and 
backed  specimens  are  exposed  at  a 
normal  incident  angle  to  the  same  sun. 

Aging  Procedure  3  (Natural  Weathering) 

Expose  components  and  materials  to 
12  months  of  solar  radiation  outdoors  by 
the  most  appropriate  againg  procedure 
listed  below.  The  average  daily  flux  of 
the  solar  radiation,  as  obtained  by 
averaging  the  daily  fluxes  over  the  12 
month  period  of  outdoor  exposure,  shall 
be  at  least  1300  Btu/ft*(14.8  Mj/M*). 

Cover  materials  (flat  ASTM  E782-81 ...  Standard  practice 
plate  collectors).  for  exposure  of 

cover  materials 
for  solar 
collectors  to 
natural 

weathering  under 
conditions 
simulating 
operational  mode. 

Absorber  coatings ....  ASTM  E781-81 ...  Standard  practice 
for  evaluating 
absorptive  solar 
receiver  materials 
when  exposed  to 
conditions 
simulating 
stagnation  in 
solar  collectors 
with  cover 
plate(s). 

Exterior  paints  (not  ASTM  Df(X)6-  Standard 
absorber  73.  recommended 

coatings).  practice  lor 

conducting 
exterior  exposure 
tests  of  paints  on 
wood. 

Exterior  paints  (not  ASTM  D1014-  Standard  method  of 
absortrar  66  conducting 

coatings).  (reapproved  exterior  exposure 

1973).  tests  of  paints  on 

steel. 


Adhesive  joints. 

ASTM  D1828- 
70,  ANSI 

Z197 .24-1973 

Standard 
recommended 
practice,  for 
atmospheric 
exposure  of 
adhesive  bonded 
joints  and 
structures. 

Plastics . 

...  ANSI/ASTM 
D1435-75. 

Standard 
recommended 
practice  for 
outdoor 
weathering  of 
plastics. 

Non- metallic 

ANSI/ASTM 

Standard  practice 

materials. 

G7-77A. 

for  atmospheric 
environmental 
exposure  testing 
of  non-metallic 
materials. 

Pipeline  coatings  ... 

...  ASTM  G1 1-72  .... 

Standard  test 
method  for 
effects  of  outdoor 
weathering  on 
pipeline  coatings 

Any  material  . 

ASTM  G24-73  ... 

.  Standard 

recommended 
practice  lor 
conducting 
natural  light 
exposures  under 
glass. 

Property  Assessment 

Properties  listed  in  Appendix  Tables 
la-lc  shall  be  measured  to  determine 
the  effect  of  aging  procedures  on  visual 
appearance  and  important  optical, 
physical  or  mechanical  properties  of  the 
components  or  materials.  Other 
properties  may  be  used  for  assessment 
as  appropriate.  Properties  must  be 
measured  for  both  aged  and  unaged 
specimens  to  establish  a  basis  of 
comparison. 

Commentary 

The  tests  are  intended  to  permit 
estimations  to  be  made  of  the  effect  of 
solar  radiation  in  degrading  collector 
components  and  in  reducing  the 
collector  efficiency.  The  exposure  period 
for  the  aging  procedure  is  considered  to 
provide  approximately  the  same  total 
energy  below  400  nm  as  would  be 
received  in  12  months  of  actual  solar 
exposure  in  Phoenix,  Arizona. 

Section  4.  Test  Methodology:  Criterion 
5.1.3  Pollutant  Degradation 

Aging  Procedure  1  (Resistance  to 
Ozone) 

Coupon  specimens  of  components 
shall  be  exposed  for  21  days  to  an  ozone 
atmosphere  of  50-t-5  pphm/volume  in  a 
test  chamber  of  73.4-1-3.6°  F  (23-1-2°  C). 
An  ozone  test  chamber  is  described  in 
ASTM  D1149-77,  “Rubber 
Deterioration — Surface  Ozone  Cracking 
in  a  Chamber  (Flat  Specimens)"  (5]. 
Specimens  should  be  stressed  to 
simulate  service  conditions. 
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Aging  Procedure  2  (Resistance  to  Solt 
Spray) 

Coupon  specimens  of  components 
shall  be  exposed  for  21  days  in 
accordance  with  ASTM  Method  B117- 
73.  Salt  Spray  (Fog)  [6]. 

Aging  Procedure  3  (Resistance  to  SOi 
and  NO») 

Coupon  specimens  of  components 
shall  be  supported  vertically  in  a  closed 
chamber  having  openings  for  gas  inlet 
and  outlet  and  maintained  at  a 
temperature  of  73.4+3.6°  F  (23  +  2°  C)  for 
a  period  of  21  days.  An  amount  of  (SO2 
or  NO,)  equivalent  to  1  percent  of  the 
volume  of  the  test  chamber  shall  be 
introduced  into  the  chamber  each 
working  day.  A  small  amount  of  water  is 
to  be  maintained  at  the  bottom  of  the 
chamber. 

Property  Assessment 

Properties  listed  in  Tables  la-lc  shall 
be  measured  to  determine  the  effect  of 
the  aging  procedures  on  important 
optical,  physical,  mechanical  or 
chemical  properties.  In  addition,  the 
surfaces  of  the  test  specimens  shall  be 
visually  examined  for  signs  of 
deterioration  such  as  cracking,  blistering 
or  dimensional  changes  using  a 
microscope  with  an  eyepiece 
micrometer  at  20X  magnification.  Other 
properties  may  be  used  for  assessment, 
as  appropriate.  Properties  must  be 
measured  for  both  aged  and  unaged 
specimens  to  establish  a  basis  for 
comparison. 

Commentary 

These  tests  are  intended  to  determine 
the  resistance  of  components  to  airborne 
pollutants. 

Section  5.  Test  Methodology:  Criterion 
5.2.1.  Thermal  Degradation. 

Heat  transfer  fluids  shall  be  tested 
using  aging  procedures  1  and  3.  Other 
components  and  materials  shall  be 
tested  using  aging  procedure  2.  Property 
assessment  methods  listed  in  Table  la¬ 
ic  shall  be  performed  before  and  after 
aging.  Supplemental  aging  procedures 
are  listed  below  and  may  be  added 
where  applicable.  Section  1  of  this 
appendix  may  be  useful  in  determining 
the  maximum  service  temperature. 

Sealants  ASTM  C792-75  .  Standard  method  ol  test 

for  effects  of  heat 
aging  on  weight  loss, 
cracking  and  chalking 
of  elastomeric  sealants 
Rubber  ANSI/ASTM  0454-53  Standard  lest  method  for 
(reapproved  1976).  rubber  deterioration  by 
heat  and  air  pressure 
Plastic  ANSI/ASTM  0794-68  Standard  recommended 
(reapproved  1977).  practice  for  determining 
permanent  effect  ol 
heat  on  plastics 


Plastic .  ANSI/ASTM  01042-  Standard  test  method  for 

51  (reapproved  linear  dimensional 

1976).  changes  of  plastics 

under  accelerated 
service  conditions 

Plastic .  ANSI//VSTM  01204-  Standard  test  method  lor 

78.  linear  dimensional 

changes  of  nonrigid 
thermoplastic  sheeting 
or  Sim  at  elevated 

V  temperatures 

'Vlastic .  ANSI/ASTM  01299-  Standard  test  method  lor 

55  (Reapproved  shringkage  of  molded 

1971).  and  laminated 

thermosetting  plastics 
at  elevated 
temperature 

Plastic .  ANSI/ASTM  01203/  Standard  test  method  for 

67  (reapproved  loss  ol  plasticizer  from 

1974).  plastics  (activated 

carbon  methods) 


Aging  Procedure  1  (Resistance  of  Fluids 
to  Maximum  Service  Temperature) 

Expose  the  heat  transfer  fluids  to  their 
maximum  service  temperature  for  a 
period  of  21  days.  In  some  cases,  this 
may  require  the  use  of  an  autoclave.  The 
fluids  shall  contain  turnings  of  the  metal 
to  be  used  in  service  in  quantities  of  10  g 
of  metal  turnings  to  100  cc  of  fluid. 
Aeration  shall  be  provided  in  fluids  to 
be  used  in  “open"  systems.  Fluid 
aeration  need  not  be  included  for 
“closed"  system  usage.  The  test  must  be 
repeated  separately  for  all  metal 
materials  that  are  present  in  the  system. 

Aging  Procedure  2  (Resistance  of 
Components  and  Materials  to  Maximum 
Service  Temperature) 

Components  or  coupon  test  specimens 
shall  be  subjected  to  heat  aging  for  a 
period  of  21  days  at  the  maximum 
service  temperature.  Components  and 
materials  stressed  in  normal  use  should 
be  stressed  during  the  exposure. 

Aging  Procedure  3  (Resistance  of  Fluids 
to  Minimum  Service  Temperature) 

Expose  the  heat  transfer  fluids  to  their 
minimum  service  temperature  for  a 
period  of  24  hours  and  remove  and 
immediately  examine  for  freezing. 

Property  Assessment 

Properties  listed  in  Tables  la-lc  shall 
be  measured  to  determine  the  effect  of 
the  aging  procedures  on  visual 
appearance  and  important  optical, 
physical,  chemical  and  mechanical 
properties  of  the  components  or 
materials.  At  the  completion  of  aging 
procedure  1,  the  fluids  shall  be  visually 
inspected  for  signs  of  undesired  changes 
such  as  excessive  precipitation  or 
boiling.  Other  properties  may  be  used 
for  assessment  as  appropriate. 
Properties  must  be  measured  for  both 
aged  and  unaged  specimens  to  establish 
a  basis  for  comparison. 


Commentary 

The  tests  are  intended  to  permit 
estimations  to  be  made  of  the  effect  of 
heat  in  degrading  collector  components 
and  in  reducing  the  system  efflciency. 
Aging  procedure  3  is  intended  to 
evaluate  freezing  of  transfer  fluids  at  the 
minimum  service  temperature.  (See 
Criterion  3.6.1.) 

Section  6.  Test  Methodology:  Criterion 
5.2.2  Thermal  Cycling  Degradation 

Materials  and  components  shall  be 
subjected  to  the  aging  procedure  and 
appropriate  property  assessment 
methods  (Tables  la-lc). 

Aging  Procedure  1  (Resistance  of 
Components  and  Materials  to  Thermal 
Cycling) 

Complete  components  or  material  test 
specimens  shall  be  subjected  to  thermal 
cycling  between  the  maximum  service 
temperature  and  minimum  service 
temperature  for  a  total  of  30  cycles.  Each 
cycle  shall  consist  of:  7.5  hours  at  the 
maximum  service  temperature;  0.5  hours 
at  room  temperature;  15.5  hours  at  the 
minimum  service  temperature;  and  0.5 
hours  at  room  temperature. 

Property  Assessment 

Properties  listed  in  Tables  la-lc  shall 
be  measured  to  determine  the  effect  of 
thermal  cycling  on  visual  appearance 
and  on  important  physical,  mechanical 
and  chemical  properties  of  the 
components  or  materials.  Other 
properties  may  be  used  for  assessment 
as  appropriate.  Properties  must  be 
measured  for  aged  and  unaged 
specimens  to  establish  a  basis  for 
comparison. 

Commentary 

These  tests  are  intended  to  permit 
estimations  to  be  made  of  the  effect  of 
thermal  cycling  in  degrading  collector 
components  and  materials. 

Section  7.  Test  Methodology:  Criterion 
5.3.1  Materials/Transfer  Fluid 
Degradation 

Metallic  containment  materials  used 
w'ith  non-aqueous  liquids  shall  be  tested 
using  aging  procedure  1  and  plastic 
containment  materials  shall  be  tested 
using  aging  procedure  2.  After  aging, 
appropriate  property  assessment 
methods  (Tables  la-lc)  shall  be 
performed. 

Aging  Procedure  1  (Resistance  of 
Metallic  Containment  Materials  to  Non- 
aqueous  Liquids) 

The  apparatus  for  this  test  consists  of 
heating  tape  with  appropriate  power 
and  control  systems,  and  a  variable  flow 
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pump  with  a  reservoir  for  the  heat 
transfer  fluid. 

The  primary  sample  typically  consists 
of  a  36  in.  (914  mm)  length  of  tubing  bent 
around  an  8  in.  (203  mm)  diameter 
mandril  so  that  each  leg  of  the  U-bend  is 
of  approximately  equal  length.  Other 
specimen  designs  are  permitted  if  they 
more  closely  approximate  conditions  of 
application.  Care  should  be  taken  in 
making  the  U-bend  so  that  fluid  flow 
through  the  tube  is  not  significantly 
restricted.  The  tubing  sample  is  mounted 
with  an  inclination  of  the  plane  of  the  U- 
bend  at  about  45  degrees  to  horizontal 
during  testing. 

Secondary  samples  of  similar  or 
dissimilar  metal  tubing  may  be 
introduced  in  the  loop.  The  test  shall  be 
carried  out  for  a  minimum  period  of  30 
days.  During  the  test,  the  temperature 
shall  be  maintained  at  the  maximum 
service  temperature. 

Appropriate  modifications  including 
flow  rate  and  degree  of  fluid  aeration 
shall  be  included  in  the  test.  Protective 
coatings  shall  form  a  part  of  the  test 
specimen  if  they  are  used  in  the  actual 
system.  Testing  shall  be  followed  by 
visual  inspection.  With  appropriate 
modification,  Standard  TM-01-71, 
“Autoclave  Corrosion  Testing  of  Metal 
in  High  Temperature  Water,”  [7]  of  the 
National  Association  of  Corrosion 
Engineers  for  materials  used  in 
pressurized  systems  of  ASTM  Dl 384-76, 
"Corrosion  Test  for  Engine  Antifreezes 
in  Glassware,”  [8]  for  materials  used  in 
systems  at  atmospheric  pressure,  may 
be  used  in  the  evaluation  of  metal 
coupons. 

Agiiig  Procedure  2  (Resistance  of  Plastic 
Containment  Materials  to  Liquids) 

Plastic  containment  materials  shall  be 
tested  for  7  days  at  maximum  service 
temperature  in  accordance  with  ASTM 
D543-67  (1978)  [9J  or  ASTM  D1239-55 
(1971)  (10).  The  heat  transfer  fluid 
specified  by  the  solar  system 
manufacturer  should  be  used.  For 
organic  based  heat  transfer  fluids 
commonly  used  in  aqeous  solutions,  the 
test  reagents  should  include  the 
concentrated  heat  transfer  fluid  and 
dilute  solutions  at  concentrations 
similar  to  actual  use. 

Property  Assessment 

Following  the  test,  the  test  specimens 
shall  not  show  signs  of  pitting,  crevices, 
erosion  or  exhibit  other  signs  of  general 
corrosive  deterioration  with  the 
exception  of  discoloration. 

Properties  listed  in  Tables  la-lc  shall 
be  measured  to  determine  the  effect  of 
the  aging  procedures  on  visual 
appearance  and  on  important  chemical, 
physical  or  mechanical  properties.  Other 


properties  may  be  used  for  assessment 
as  appropriate.  Properties  must  be 
measured  for  both  aged  and  unaged 
specimens  to  establish  a  basis  of 
comparison. 

Commentary 

These  tests  are  intended  to  permit 
estimations  to  be  made  of  the  effect  of  "" 
chemical  incompatibility  of  the  heat 
transfer  fluids  and  materials  in  the 
energy  transport  system.  Data  derived 
from  these  aging  procedures  and 
property  assessment  methods  may  be 
used  as  guidelines.  Assurance  of 
chemical  compatibility  of  critical 
components  may  require  additional 
long-term  testing  under  conditions 
(temperature,  pressure  and  flow  rates) 
simulating  actual  use. 

Section  8.  Test  Methodology:  Criterion 
5.3.2  Dissimilar  Metals  Degradation 

Adjoining  dissimilar  metals  used  in 
contact  with  the  transfer  fluid  should  be 
tested  using  aging  procedure  1. 

Adjoining  dissimilar  metals  not  used  in 
contact  with  the  transfer  fluid  should  be 
tested  using  aging  procedure  2.  After 
aging,  appropriate  property  assessment 
methods  (Tables  la-lc)  shall  be 
performed. 

Aging  Procedure  1  (Resistance  of 
Metallic  Containment  Materials  to 
Liquids) 

Test  specimens  consisting  of 
dissimilar  metals  in  direct  contact  with 
one  another  shall  be  subject  to  the  test 
as  described  in  aging  procedure  1  of 
Section  7. 

Aging  Procedure  2  (Resistance  to  SO2 
and  NOJ 

Test  speciments  consisting  of 
dissimilar  materials  in  direct  contact 
with  one  another  shall  be  subject  to  the 
test  as  described  in  aging  procedure  3  of 
Section  4. 

Property  Assessment 

Properties  listed  in  Tables  la-lc  shall 
be  measured  to  determine  the  effect  of 
the  aging  procedures  on  visual 
appearance  and  on  important  chemical, 
physical  or  mechanical  properties.  Other 
properties  may  be  used  as  appropriate. 
Properties  must  be  measured  for  both 
aged  and  unaged  specimens  to  establish 
a  basis  for  comparison. 

Commentary 

These  tests  are  intended  to  permit 
estimations  to  be  made  of  the  effect  of 
corrosion  on  iK>n-isola ted  dissimilar 
metals. 


Section  9.  Test  Methodology:  Criterion 
5.3.3  Compatibility  of  Adjacent  Organic 
Materials 

Aging  Procedure  1  (Compatibility  of 
Adjacent  Organic  Materials) 

Test  specimens  consisting  of  the 
dissimilar  organic  materials  in  direct 
contact  with  one  another  shall  be 
exposed  to  the  maximum  service 
temperature  for  a  period  of  120  hours. 

Property  Assessment 

Properties  listed  in  Tables  la-lc  shall 
be  measured  to  determine  the  effect  of 
the  aging  procedure  on  visual 
appearance  and  on  important  chemical, 
physical  or  mechanical  properties.  Other 
properties  may  be  used  as  appropriate. 
Properties  must  be  measured  for  both 
aged  and  ilnaged  specimens  to  establish 
a  basis  of  comparison. 

Section  10.  No-flow  30-Day  Degradation 
Testing  Procedure 

Evaluation  of  changes  in  collector 
materials  or  performance  due  to 
environmental  conditioning  shall  be 
determined  in  accordance  with  the  test 
procedure  described  in  ASHRAE 
Standard  93  (latest  revision)  either 
before  and  after  or  only  after  exposing 
the  collector  panel  assembly  to  the 
Exposure  Test  described  below.  Both 
the  before  and  after  collector  thermal 
performance  tests  (ASHRAE  Standard 
93)  shall  be  performed  utilizing  the  same 
test  facility  under  similar  climatic 
conditions. 

Exposure  Test 

A.  Test  specimen  shall  consist  of  a 
complete  air  or  liquid  collector  panel 
assembly. 

B.  Pre-exposure  preparation: 

1.  Air  collector  duct  openings  shall  be 
sealed  to  prevent  cooling  by  convective 
air  flow  and  the  entry  of  dirt  or 
precipitation.  The  collector  shall  be 
vented  to  prevent  build-up  of  pressure. 

2.  Liquid  collectors  intended  for  use  in 
all  systems  (with  or  without  drawdown) 
shall  be  completely  filled  with  distilled 
water  ^  following  which  the  inlet  shall 
be  sealed  and  the  outlet  provided  with  a 
pressure  relief  valve  set  to  a  value 
between  0%  and  4-10%  over  the 
manufactuere's  recommended  maximum 
operating  pressure. 

3.  Liquid  collectors  limited  to  use  in 
systems  that  drawdown  when  not 
operating  shall  be  completely  filled  with 
distilled  water  '  following  which  the 
fluid  shall  be  allowed  to  gravity  drain 


*  Manufactnrer’s/designer’s  recommended  fluid 
shall  be  used  in  those  instances  when  they 
specifically  prohibit  the  use  of  distilled  water. 
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for  15  minutes  with  the  collector 
mounted  at  a  45”  tilt  angle.  The  collector 
inlet  shall  then  be  protected  to  prevent 
entry  of  dirt  or  precipitation.  The 
collector  shall  also  be  vented  to  prevent 
buildup  of  pressure. 

C.  Exposure  Conditions: 

1.  Exposure  conditions  shall  consist  of 
30  days  of  cumulative  exposure  to  a 
minimum  daily  incident  solar  radiation 
flux  of  1500  Btu/ft  2.day  (17,000  kj/ 
m^.day)  as  measured  in  the  plane  of  the 
collector  aperhu'e.^ 

2.  The  exposure  conditions  shall 
include  at  least  one  consecutive  4-hour 
period  or  two  2y2  hour  periods  with  a 
minimum  instantaneous  flux  of  300  Btu/ 
ft^.day  (946  W/m®).  the  exposure  test  is 
only  concluded  after  the  requirements  in 
the  table  following  paragraph  D.3.  have 
been  met. 

a.  Collector  orientation  changes  to 
maximize  the  solar  radiation  or 
supplementary  reflectors  may  be 
necessary  to  obtain  the  300  Btu/ft^. hr 
(946  W/m^]  insolation  level  at  certain 
locations,  iiowever,  the  maximum  peak 
flux  shall  not  exceed  370  Btu/ft^.hr  (1165 
W/m®)  under  normal  sun-sky  or 
simulator  exposure  conditions. 

b.  A  reflector  my  be  used  if  it  has 
sufficient  width  and  height  to  uniformly 
irradiate  the  collector  aperture  during 
the  300  Btu/ft*.hr  exposure  period.  Solar 
irradiance  measurements  shall  be 
performed  in  the  plane  of  the  collector 
to  verify  that  the  irradiance  does  not 
vary  by  more  than  10  percent  over  the 
collector  aperture  and  that  the  minimum 
instantaneous  flux  requirement  is  met. 

c.  A  transparent  enclosure  may  be 
used  to  raise  the  ambient  temperature 
around  the  collector.  The  enclosure 
material  shall  have  a  total  solar 
transmittance  of  at  least  0.85  and  a 
spectral  transmittance  of  at  least  0.80  in 
the  wavelength  band  from  0.3  to  0.4  um. 
If  used,  the  pyranometer  shall  be 
mounted  within  the  enclosure  and 
within  the  plane  of  the  collector  for 
measurement  of  the  solar  irradiance. 

D.  Thermal  Shock/Water  Spray 
Penetration:  This  test  is  intended  to 
induce  the  thermal  stresses  that  would 
occur  when  rain  impinges  on  a  heated 
collector  to  determine  the  penetration  of 


*  For  collectors  governed  by  paragraph  B.2..  the 
filled  collector  shall  be  exposed  to  at  least  one  day 
with  a  minimum  daily  incident  solar  radiation  of 
1500  Btu/ft^.day.  If  freezing  conditions  are 
anticipated,  the  collector  may  be  drained  after 
exposure  to  this  day.  The  pressure  relief  valve  and  ' 
inlet  seal  shall  be  removed  when  the  collector  is 
drained  of  all  fluid.  The  collector  inlet  shall  then  be 
protected  to  prevent  entry  of  dirt  or  precipitation 
and  shall  be  vented  to  prevent  pressure  buildup. 

The  collector  shall  be  exposed  for  a  total  of  thirty 
cumulative  1500  Btu/ft*.days  (either  filled  or 
unfilled)  as  described  above.  The  filled  exposure 
day(s)  may  occur  at  any  time  during  the  30-day 
exposure  if  so  desired. 


rain  into  the  collector  and  the  effect  of 
such  penetration  or  moisture 
condensation,  if  any.  on  collector 
performance. 

1.  Period  of  test:  The  test  shall  be 
performed  three  times  during  the  30-day 
esposure  period;  once  during  the  ffrst  10 
days  of  the  exposure  period  as  defined 
in  paragraph  C.l.  and  once  each  during 
the  second  and  third  10  days  of  the 
exposure  period. 

2.  Pre-test  exposure:  The  spray  test 
shall  be  conducted  after  at  least  one 
hour  of  radiant  exposure  with  a 
minimum  solar  irradiance  of  270  Btu/ 


E.  Data  Requirements: 

1.  The  exposure  conditions  including 
hourly  irradiation,  ambient  temperature, 
wind  velocity  and  daily  precipitation 
shall  be  recorded  to  enable 
determination  of  the  average  daily 
values.  Irradiance  and  ambient 
temperature  values  shall  be  recorded 
every  30  minutes  during  the  4-hour  300 
Btu/ft  *.hr  (946  W/m  *)  minimum  flux 
exposure  period. 

2.  A  regularly  scheduled  weekly  visual 
inspection  shall  be  made  and  a  record  of 
changes  in  the  physical  construction  or 
appearance  of  the  collector  maintained. 

3.  The  results  of  the  pre-test  and  post¬ 
test  thermal  performance  shall  be 
plotted  on  the  same  graph  for 
comparison  purposes.  A  written 
description  of  observed  changes  in  the 
physical  or  optical  appearance  of  the 
collector  shall  be  reported  and 
substantiated  with  photographs  where 
appropriate. 


ft^.hr  (850  W/m^)  measured  in  the  plane 
of  the  collector. 

3.  Apparatus:  The  test  apparatus 
consists  of  three  or  more  spray  heads  in 
a  water  supply  rack\  the  water  pressure 
.for  all  tests  is  maintained  at  a  minimum 
of  5  psi  (34.47  k  Pa]  at  each  spray  head 
and  is  equivalent  to  simulating  a  rain  of 
about  12  inches  per  hour  or  a  water  flow 
rate  of  50  gallons  per  hour  per  nozzle, 
the  supply  water  temperature  shall  not 
exceed  86°F  (OO’C).  a  complete 
description  of  the  apparatus  and 
procedure  is  presented  in  NBSIR  76- 
1305A  (12]. 


4.  For  collectors  receiving  only  a  post¬ 
test  thermal  performance  measurement, 
the  collector  shall  be  completely 
disassembled  and  inspected  for  any 
evidence  of  functional  impairment  or 
material  deterioration  which  could 
result  in  an  abnormally  short  collector 
life  when  operated  under  normal  service 
conditions.  Evidence  of  material 
degradation  will  require  documented 
experimental  test  data  indicating  the 
ability  of  the  material  to  withstand  and 
continue  to  function  under  the 
conditions  commensurate  with  the 
application  and  design  lifetime. 

Commentary 

The  purpose  of  this  test  is  to  identify, 
in  a  relatively  short  time,  potential 
problems  with  collector  materials  or 
construction  resulting  from  prolonged 
exposure  to  natural  environments. 
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Recognizing  that  elevated  temperature 
is  one  of  the  most  damaging 
environments,  solar  irradiance  and 
ambient  temperature  levels  have  been 
selected  which  represent  typical 
summer  conditions  in  most  U.S.  climatic 
regions.  These  conditions  will  produce 
the  temperatures  that  the  various 
materials  used  in  solar  collectors  (cover 
plates,  absorptive  coatings,  sealants, 
etc.)  will  experience  in  use.  Until 
adequate  laboratory  test  procedures  are 
adopted  to  insure  the  ability  to  select 
reliable  materials  and  designs,  an 


assembly  level  test  is  considered  to  be 
necessary  for  evaluating  collector 
reliability. 

A  4-hour  or  two  2}k  hour  exposure 
periods  with  a  minimum  flux  of  300  Btu/ 
ft^.hr  (946  W/m^  is  specified  in  the  test 
method.  During  this  exposure  period,  it 
is  intended  that  the  collector  be  exposed 
to  the  normal  peak  profile  that  it  would 
see  on  a  fixed  mount  facing  south. 

The  test  procedure  does  not  include 
provisions  for  evaluating  tracking 
concentrating  collectors  or  collectors 
designed  for  use  with  external  reflectors 


to  enhance  solar  radiation. 

Modifications  to  the  exposure  apparatus 
may  be  necessary  to  accommodate 
these  collectors. 

This  test  method  may  be  superceded 
when  a  consensus  standard,  similar  to 
the  test  outlined  herein,  is  approved 
and/or  a  nationally  accepted  collector 
certification  program  is  in  operation. 

Section  11 

See  following  tables. 

BILLING  CODE  4210-01-M 


TABLE  la  -PROPERTY  ASSESSMENT  OF  MATERIALS 


KNERGY  TRAllSrORT  COMPONENTS 
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TABLE  Ic  -PROPERTY  ASSESSMENT  OF  MATERIALS 
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TABLE  2 

LIST  OF  TEST  PROPERTIES,  TEST  METHOD  DESIGNATIONS  AND  TITLES 


TEST  METHOD 

PROPERTY  DESIGNATION  NUMBER  TITLE 


VISUAL  OBSERVATION 

Chalking  ASTM  D659-74  Standard  Method  of 

Evaluating  Degree  of 
Chalking  of  Exterior  Paints 

ASTM  D660-44  Stanadard  Method  of 

(Reapproved  1970)  Evaluating  Degree  of 

Checking  of  Exterior  Paints . 

ASTM  D661-44  Standard  Method  of 

(Reapproved  1970)  Evaluating  Degree  of 

Cracking  of  Exterior  Paints 

Blistering  ASTM  D714-56  Standard  Method  of 

(Reapproved  1974)  Evaluating  Degree  of 
Blistering  of  Paints 

OPTICAL  PROPERTIES 

Solar  Transmittance  ASTM  E424-71  Standard  Test  Method  for 

^  ANSI  Z138. 7-1973  Solar  Transmittance  and 

Reflectance  (Terrestrial) 
of  Sheet  Materials 

Solar  Reflectance  ASTM  £424-71  Standard  Test  Methods  for 

ANSI  Z138. 7-1973  Solar  Transmittance  and 

Reflectance  (Terrestrial) 
of  Sheet  Materials 

Emittance  ^  ASTM  E408-71  Standard  Test  Method  for 

Total  Normal  Emittance  on 
Surfaces  Using  Inspection- 
Meter  Techniques 


Checking 


Cracking 
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Emittance 


Hardness 


Hardness 


Dimensional  Stability 


Tensile  Strength 


Tensile  Strength 


Tensile  Strength 


Tensile  Strength 


Tensile  Strength 


Loading  or  Compression 
Strength 


ASTM  E434-71  Standard  Test  Method  for 

Calorimetric  Determination 
of  Hemispherical  Emittance 
and  the  Ratio  of  Solar 
Absorptance  to  Hemi¬ 
spherical  Emittance  Using 
Solar  Simulation 

PHYSICAL  PROPERTIES 

ANSI/ASTM  D785-65  Standard  Test  Method  for 

(Reapproved  1976)  Rockwell  Hardness  of 

Plastics  and  Electrical 
Insulating  Materials 

ANSI/ASTM  D2583-75  Standard  Test  Method  for 
Indentation  Hardness  of 
Rigid  Plastics  by  Means  of 
a  Barcol  Impressor 

ANSI/ASTM  D2122-76  Standard  Method  of 

Determining  Dimensions  of 
Thermoplastic  Pipe  and 
Fittings 

MECHANICAL  PROPERTIES 

ANSI/ASTM  D638-77a  Standard  Test  Method  for 
Tensile  Properties  of 
Plastics 


ANSI/ASTM  D882-75b  Standard  Test  Method  for 

Tensile  Properties  of  Thin 
Plastic  Sheeting 

ASTM  C297-61  Standard  Method  of  Tension 

(Reapproved  1970)  Test  of  Flat  Sandwich 

Constructions  in  Flatwise 
Plane 


ANSI/ASTM  D897-78  Standard  Test  Method  for 
Tensile  Properties  of 
Adhesive  Bonds 

ANSI/ASTM  D4 12-75  Standard  Test  Method  for 
Rubber  Properties  in 
Tension 

ANSI/ASTM  D695-77  Standard  Test  Method  for 
Compressive  Properties  of 
Rigid  Plastics 
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Loading  or  Compression  ANSI/ASTM  D2412-77  Standard  Test  Method  for 

External  Loading  Properties 
of  Plastic  Pipe  by 
Parallel-Plate  Loading 

Flexure  Strength  ANSI/ASTM  C158-72  Standard  Method  for 

(Reapproved  1978)  Flexure  Testing  of  Glass 
(Determination  of  Itodulus 
of  Rupture) 

Flexure  Strength  ASTM  C393-62  Standard  Method  of  Flexure 

(Reapproved  1970)  Test  of  flat  Sandwich 
Constructions 

Flexure  Strength  ANSI/ASTM  D790-71  Standard  Test  Method  for 

Flexural  Properties  of 
Plastics  and  Electrical 
Insulating  Materials 

Fatigue  ANSI/ASTM  D671-71  Standard  Test  Method  for 

(Reapproved  1978)  Flexural  Fatigue  of 
Plastics  by  Constant 
Amplitude  of  Force 

Burst  or  Rupture  ANSI/ASTM  D1598-76  Standard  Test  Method  for 

Time-to-Failure  of  Plastic 
Pipe  Under  Constant 
Internal  Pressure 

Burst  or  Rupture  ANSI/ASTM  D1599-74  Standard  Test  Method  for 

Short-Time  Rupture 
Strength  of  Plastic  Pipe, 
Tubing  and  Fittings 

Burst  or  Rupture  ANSI/ASTM  D2143-69  Standard  Test  Method  for 

(Reapproved  1976)  Cyclic  Pressure  Strength 

of  Reinforced  Thermosetting 
Plastic  Pipe 
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Table  3  Open  System  Parameters:  Generally  Acceptable  and  Unacceptable  Use 
Conditions  for  Metals  In  Direct  Contact  with  Heat  Transfer  Fluids 


Generally  Unacceptable  Use  Conditions 


Generally  Acceptable  Use  Conditions 


1/ 


Alxminum 


1.  When  in  direct  contact  with  untreated 
tap  water  with  pH  <5  or  >9. 


2.  When  In  direct  contact  with  aqueous 

liquid  containing  less  electro  positive 
metal  Ions,  such  as  copper  or  iron  or 
halide  Ions. 


3.  When  specific  data  regarding  the 
behavior  of  a  particular  alloy  are  not 
available,  the  velocity  of  aqueous  liq¬ 
uid  shall  not  exceed  4  ft/sec. 

4.  When  In  direct  contact  with  a  liquid 
which  is  In  contact  with  corrosive  fluxes. 


1.  When  In  direct  contact  with  distilled 
or  deionized  water  which  contains 
appropriate  inhibitors  and  does  not 
contact  copper  or  iron. 

2.  When  In  direct  contact  with  distilled 
or  deionized  water  which  contains 
appropriate  Inhibitors  and  a  means  of 
removing  heavy  metal  Ions  obtained 
from  contact  with  copper  or  iron. 

3.  When  in  direct  contact  with  stable 
anhydrous  organic  liquids. 


Copper* 


1.  When  in  direct  contact  with  aqueous 
liquid  containing  high  concentrations 
of  chlorides,  sulfates  or  liquid  which 
contains  hydrogen  sulfide. 

2.  When  in  direct  contact  with  chemicals 
that  can  form  copper  complexes  such  as 
ammonium  compotmds. 


1.  When  in  direct  contact  with  distilled, 
deionized  or  low  chloride,  low  sulfate 
and  low  sulfide  tap  water. 

2.  When  in  direct  contact  with  stable 
anhydrous  organic  liquids. 


3.  When  in  direct  contact  with  an  aqueous  llq-  2# 
uid  having  a  velocity  greater  than  4  ft/sec.— 


4.  When  in  direct  contact  with  a  liquid 

which  is  in  contact  with  corrosive  fluxes. 


5.  When  in  contact  with  an  aqueous  liquid 
with  a  pH  lower  chan  S. 


6.  When  Che  copper  surface  is  initially 
locally  covered  with  a  copper  oxide  film 
or  a  carbonasceous  film. 

7.  When  operating  under  conditions  conducive 
to  water  line  corrosion. 


Steel 


1.  When  in  direct  contact  with  untreated 
Cap,  distilled  or  deionized  water  with 
pH  <8  or  >12. 


1.  When  in  direct  contact  with  distilled, 
deionized  or  low  salt  content  water 
which  contains  appropriate  corrosion 
inhibitors. 
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Cenerallv  Unacceotable  Use  Conditions 


Table  3  (Conca.) 


1/ 


Cenerallv  Acceptable  Use  ConHitions  — 


2.  When  in  direct  contact  with  a  liquid 
which  is  in  contact  with  corrosive  fluxes. 

3.  When  in  direct  contact  with  an  aqueous 
liquid  having  a  velocity  greater  than 
6  ft/sec.  U 

4.  When  operating  under  conditions  condicive 
to  water  line  corrosion. 


2.  When  in  direct  contact  with  at^le 
anbydiaus  organic  liquids. 

3.  When  adequate  cathodic  protection  of 
the  steel  is  used  (practical  only  for 
storage  tanks) . 


Stainless  Steel 


1.  When  the  grade  of  stainless  steel  selec¬ 
ted  is  not  corrosion  resistant  in  the 
anticipated  heat  transfer  liquid. 

2.  When  in  direct  contact  with  a  liquid 
which  is  in  contact  with  corrosive 
fluxes . 


1.  When  the  grade  of  stainless  steel  se¬ 
lected  is  resistant  to  pitting,  crevice 
corrosion,  Intergranular  attack  and 
stress  corrosion  cracking  In  the 
anticipated  use  conditions. 

2.  When  in  direct  contact  with  stable 
anhydrous  organic  liquids. 


Galvanized  Steel 


1.  When  in  direct  contact  with  aqueous 
liquid  containing  copper  ions. 

2.  When  in  direct  contact  with  aqueous 
liquid  with  pH  <8  or  >12. 

3.  When  in  direct  contact  with  aqueous 
liquid  with  a  temperature  >55*C. 


1.  When  adequate  cathodic  protection  of 
the  galvanized  parts  is  used  (practical 
only  for  storage  tanks). 

2.  When  in  contact  with  stable  anhydrous 
organic  liquids. 


Brass  and  Other  Copper  Alloys 


Binary  copper-zinc  brass  alloys  (G)A  2X3Q(  series)  exhibit  generally  the  saoie  behavior 
as  copper  when  exposed  to  the  sane  conditions.  However,  the  brass  selected  should 
resist  dezincificatlon  in  the  operating  conditions  anticipated.  At  zinc  contents  of 
152  and  greater,  these  alloys  become  increasingly  susceptible'  to  stress  corrosion. 
Selection  of  brass  with  a  zinc  concent  below  152  is  advised.  There  are  a  variety  of 
ocher  copper  alloys  available,  notably  copper-nickel  alloys,  which  have  been  developed 
to  provide  improved  corrosion  performance  in  aqueous  environments. 


~The  use  of  suitable  antifreeze  agents  and  buffers  is  acceptable  provided  they  do  not  promote 
corrosion  of  the  metallic  liquid  containment  system.  The  use  of  suitable  corrosion  inhib¬ 
itors  for  specific  metals  is  acceptable  provided  they  do  not  promote  corrosion  of  ocher 
metals  present  in  the  system.  If  thermal  or  chesilcal  degradation  of  these  compounds  occurs, 
the  degradation  products  shall  not  promote  corrosion. 

y 

The  flow  races  at  which  erosion/corrosion  becomes  significant  will  vary  with  the  conditions 
of  operation.  Accordingly,  the  value  listed  is  approximate. 
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Table  4  Closed  SysCoa  Parameters:  Generally  Acceptable  and  Iki'acceptable  Use 
Conditions  for  Metals  In  Direct  Contact  with  Heat  Transfer  Liquids 

Generally  Unacceptable  Use  Conditions  Generally  Acceptable  Use  Conditions  i/ 

Aluminum 

1.  When  In  direct  contact  with  untreated  1.  When  In  direct  contact  with _.dls tilled 

tap  water  with  pH  <S  or  >9.  or  deionized  water  which  contains 

appropriate  corrosion  Inhibitors. 

2.  When  In  direct  contact  with  liquid  2.  When  In  direct  contact  with  stable 

containing  copper.  Iron  or  halide  Ions.  anhydrous  organic  liquids. 

3.  When  specified  data  regarding  the  behavior 
of  a  particular  alloy  are  not  available, 
the  velocity  of  aqueous  liquid  shall  not 
exceed  4  ft /sec. 

Copper 

1.  When  In  direct  contact  with  an  aqueous  llq-2yl.  When  In  direct  contact  with  untreated 

uid  having  a  velocity  greater  than  4  ft/sec-r  tap,  distilled  or  deionized  water. 

2.  When' in  contact  with  chemicals  that  2.  When  In  direct  contact  with  stable 

can  form  copper  complexes  such  as  anhydrous  organic  liquids, 

aamonlum  compounds .  ** 

3.  When  In  direct  contact  with  aqueous 
liquids  which  do  not  form  complexes 
with  copper. 

Steel 

1.  When  In  direct  contact  with  liquid  2/  When  In  direct  contact  with  untreated 

having  a  velocity  greater  than  6  ft/sec.—  tap,  distilled  or  deionized  water 

with  pH  >3  or  <12. 

2.  When  In  direct  contact  with  untreated 

tap,  distilled  or  deionized  water  with  2.  When  in  direct  contact  with  stable 

pH  <8 or  >12.  anhydrous  organic  liquids. 

3.  When  In  direct  contact  with  aqueous 
liquids  of  pH  >8  or  <12.  I 

Stainless  Steel 

1.  When  the  grade  of  stainless  steel  selected  1.  When  the  grade  of  stainless  steel 

Is  not  corrosion  resistant  In  the  antic-  selected  Is  resistant  to  pitting, 

ioated  heat  transfer  liquid.  crevice  corrosion,  intergranular  attack 

and  stress  corrosion  cracking  in  the 
anticipated  use  conditions. 


2.  When  in  direct  contact  with  a  liquid  2.  When  in  direct  contact  with  stable 

which  is  in  contact  with  corrosive  fluxes.  anhydrous  organic  liquids. 
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Table  4  (Contd.) 


Generally  Unacceptable  Use  Conditions 


1/ 


Generally  Acceptable  Use  Conditions  — 


Galvanized  Steel 


1.  When  in  direct  contact  with  water  with 
pU  <8  or  >12. 

2.  When  in  direct  contact  with  an  aqueous 
liquid  with  a  temperature  >55*C. 


1.  When  in  contact  with  water  of  pB  >6 
but  <12 . 


Brass  and  Other  Copper  Alloys 

Binary  copper~zinc  brass  alloys  (CDA  IXXX  series)  exhibit  generally  the  same  behavior 
as  copper  when  exposed  to  the  same  conditions.  However,  the  brass  selected  shall 
resist  dezinciflcation  in  the  operating  conditions  anticipated.  At  zinc  contents  of 
152  and  greater,  these  alloys  become  increasingly  susceptible  to  stress  corrosion. 
Selection  of  brass  with  a  zinc  content  below  152  is  advised.  There  are  a  variety  of 
other  copper  alloys  available,  notably  copper-nickel  alloys,  which  have  been  developed 
to  provide  improved  corrosion  performance  in  aqueous  environments. 


1/ 

The  use  of  suitable  antifreeze  agents  and  buffers  is  acceptable  provided  they  do  not 
promote  corrosion  of  the  metallic  liquid  containment  system.  The  use  of  suitable  corrosion 
inhibitors  for  specific  metals  is  acceptable  provided  they  do  not  promote  corrosion  of 
other  metals  present  in  the  system.  If  thermal  or  chemical  degradation  of  these  compounds 
occurs,  the  degradation  products  shell  not  promote  corrosion. 

y 

The  flow  rates  at  which  erosion/corrosion ‘becomes  significant  will  van-  with  the  conditions 
of  operation.  Accordingly,  the  value  listed  is  approximate. 
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T 

0.22 

1921 1 

110 

12000) 

Saaa 

Saoc 

Concrete,  atone  eggregeta 

o.ko  to  o.ks 

O.M 

0.16 

120  to  140 

0.9  to  12.0 

9.9 

(Soooth,  tight) 

16201 

11920  to  2240) 

10.12  to  1.22) 

19.9) 

Concrete,  atone  aggregate 
(ftoogh,  light) 

O.kO  iO  o.ss 

0.94 

0.16 

1620) 

ISO  to  140 
11920  CO  2240) 

SOM 

SaM 

Concrete,  atone  aggregate 
(rtgocntel,  derh) 

O.OS  to  0.91 

0.92 

0.16 

14201 

120  IO  140 
(1920  to  2240) 

SaM 

Sam 

Stone 

0.)5  to  O.M 

0.26 

0.21  to  0.29 

112  lo  102 

11  ta  20 

2  6  CO  22 

(Light  color) 

IttU  CO  10901 

11020  to  2000) 

(1.99  to  2.00) 

14.9  to  29.6) 

Stone 

(Oaih  color) 

O.SO  to  0.» 

0.90 

0.21  to  0.29 
(•■0  to  10901 

112  CO  102 

(1020  to  20001 

Sooo 

Sam 

Clay  Floor  Tile 

0.20  to  O.SO 

0. 19 

12  to  20 

(Light  color) 

* 

liool 

11.91  to  2.90) 

Clay  Floor  Tile 
(Dark  color) 

O.SO  to  0.00 

t 

0.19 

toool 

t 

SOM 

MTMS 

Aiunlooo  (Follehed) 

0.10  to  0.40 

0.02 

0.21  |•80| 

W1  12240) 

1404  I2f)2.9| 

12.9  (29.0) 

Aiuolinio  (Uill) 

0.40  CO  O.kS 

0.09 

0.21  ISSul 

121  12240) 

1404  1202.9) 

12.9  (29.0) 

Cogger  (bright) 

o.ia  to  0.40 

0.02 

0.09  |3d0| 

996  (0910) 

2400  |20f.2| 

9.2  116.6) 

Cogger  (Ternlahed) 

0.40  to  0.64 

0.20 

0.09  lidut 

996  10910) 

24M  f102.2| 

9.2  (16.6) 

Icon  (Oaldtaed) 

0.00  to  0.92 

0.94 

0.12  |900|  (2l2*r) 

490  12210) 

204  199.4) 

6.2  (12.1) 

Steel 

See  Table 

See  Table 

0.12  1900) 

409  (2020) 

114  (41.1) 

9  6  112.11 

WOOD 

Hardwood 

0.90 

0.06  |29U| 

21  CO  20 

1)20  to  11201 

0.0  CO  1.0 

10.12  to  2.4) 

1.1  to  9.1 
(2.0  to  9.6) 

Softwood 

0. 40 

0.6  ta  0.2 

12910  CO  29)01 

22  to  46 

1290  eo  240) 

0.9  CO  1.1 

10.10  to  0.16) 

9om 

UAIbH 

Clear 

.. 

2 

1.00  14.191 

62.4  11.00) 

4.t 

■or  tea  fWoter  eagaodg 

ileck  fl/It  ceckwn  eoeganelon)  1.00 

1 

1.00  14.19) 

62.4  II. 00) 

4.1 

okiwrc  42  lo  volem 
fra*  40  to  200*F1 

*  TItttM  •fAltfCM  w«t«  talien  troa  relctenced  below,  ond  «r«  moM  io  oervo  oo  •  (wide  only. 

**H4ndUM»b  of  Mr  Condlclottlng,  llooling  and  Vbntllotint.**  Clifford  Slfocb  ond  iUtiord  L.  lorol,  InduMtlol  frooo,  lac.«  dew  Yoili,  ITI,  Socood 
union,  IM.  * 

"Handhooli  of  FundMOitioto,** Aojricwi  Sor|«iy  of  Healing,  Ralrlgeiailng  and  Air  Condltlonlnf  Knglnoara.  How  Voib,  *fV,  ASNAAC  1911. 
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Technical  Review  Items 

The  following  list  of  factors  includes 
the  major  considerations  used  in  the 
technical  review  of  proposals  in  HUD’s 
Cycle  5  Residential  Solar 
Demonstrations.  Used  as  a  review  form, 
each  of  the  review  items  (beginning  on 
page  A-  )  was  evaluated  satisfactory, 
marginal  or  unsatisfactory  and  tracks 
the  more  detailed  application  form 
required  of  each  of  the  grant  applicants. 
An  analysis  and  evaluation  of  these 
factors  were  used  to  determine  if  the 
proposed  projects  could  be  expected  to 
perform  reliably. 

General  Information 

Type  of  Project: 

Category  1  (Multi-family) - 

Category  2  (Single  family) - 

Building  Size:  gross  sq.  ft. - Net 

'  heated  sq.  ft. - 

Project  Location  — - Latitude - 

Nearest  City - 

Type  of  Solar  Energy  System  (check  all 
applicable  items) 


Active 

Passive  Passi'^ 

passive  indcated 

Space  (  ) 

(  )  Sun  tempered...  (  ) 

heating. 

Space  <  ) 

1  1  Direct  gain .  (  ) 

cooling. 

Domestic  hot  (  ) 

(  1  indirect  gain .  (  ) 

water 

(  ) 

(  )  Isolated  gain .  (  ) 

Type  of  Backup  System 

Most  efficient  system  type - 

Most  cost  efficient  fuel  type - 

Is  system  over  or  under  sized - 

Heating  Conditions 

Total  Heating  Degree  Days - DD/yr 

Design  Temperature - -  °F  inside - 

°F  outside 

Winter  UA  Total - 

Annual  Heating  Loads  (before  solar) 

- 10®  Btu/yr - Btu/DD/SF 

Annual  Heating  Contributions: 

Net  Passive - 10®  Btu/yr 

Net  Active - 10*  Btu/yr 

Net  Auxiliary  Fuel  Requirements - 

10*  Btu/yr - Btu/yr/SF 

- Btu/DD/SqFl 

Cooling  Conditions 

Design  Temperature - "F  inside - 

T  outside 

Annual  Cooling  Loads  (before  passive) 
- 10*  Btu/yr 

Annual  Cooling  Contributions: 

Net  Passive - 10*  Btu/yr 

Net  Active - 10®  Btu/yr 

Net  Auxiliary  Fuel  Requirements - 

10*  Btu/yr - Btu/yr/Sq  Ft 


DHW  Conditions 

Total  No.  of  People - Gallons  per 

person  per  day - GPD/P 

Cold  Water  Inlet  Temperature - °F 

Distribution  Temperature - °F 

Annual  DWH  Loads  (before  solar) - 

10®  Btu/yr 

Annual  DHW  Contributions: 

Net  Passive - 10®  Btu/yr 

Net  Active - 10®  Btu/yr 

Net  Auxiliary  Fuel  Requirements - 

10®  Btu/yr 

Review  Items 
A.  Energy  Conservation 

1.  Are  the  design  temperatures, 
relative  humidity,  thermostat  settings, 
etc.,  compatible  with  energy 
conservation? 

2.  Protection  from  outside  temperature 
variation: 

a.  Compact  building  form — minimum 
surface  exposure 

b.  Use  of  earth-berming  or 
underground  structures 

c.  Use  of  utility  spaces  as  buffers 
between  living  spaces  and  outside 

d.  Is  the  building  envelope  well 
insulated? 

Walls 

Ceilings  and  roof 
Windows,  storm  windows 
Doors,  vestibules 

Perimeter  insulation  of  floor  slab — 
basement  insulation 
Glass  area  (double  panes  or  insulated 
glass) 

e.  Use  of  movable  insulation 

f.  Use  of  time  lag  effects 

3.  Protection  from  infiltration  and 
wind: 

a.  Use  of  site  and  vegetation  as  wind 
breaks  (trees,  slope,  earth-berming,  etc.) 

b.  Use  of  building  orientation  and 
form  for  protection  from  the  wind  (small 
exposure  of  building  to  wind;  proper 
placement  of  windows  and  doors.  Use  of 
utility  spaces  as  buffers) 

c.  Proper  caulking  and 
weatherstripping  to  minimize  infiltration 

d.  Cut  down  winter  wind,  but  allow 
summer  ventilation 

4.  Protection  from  summer 
overheating: 

a.  Proper  siting  and  orientation  to 
minimize  exposure  to  summer  sun. 

Small  east  and  west  glass  areas 

b.  Natural  shading  devices 
(vegetation,  earth  berms) 

c.  Use  of  overhangs,  recessed 
windows  and  doors 

d.  Use  of  natural  and  induced 
ventilation 

e.  Summer  shading,  but  solar  access  in 
winter 

5.  Proper  humidity  level: 

a.  Avoiding  excessive  humidity  in 
summer 


b.  Avoiding  excessive  dryness 

c.  Proper  use  of  vapor  barriers 

6.  Use  of  natural  light  for  lighting: 

7.  Are  the  load  calculations  and 
results  given  clearly  and  correctly? 

a.  Cooling 

b.  Heating 

c.  Domestic  hot  water 

d.  Time  lag 

e.  Optional 

8.  Are  the  relevant  climatic  data  given 
for  the  site  (or  another  similar  site)? 

9.  Are  the  appliance  and  equipment 
energy  efficient? 

10.  Is  the  backup  system  energy 
efficient?  Is  it  properly  sized? 

B.  Passive  Solar  Heating 

1.  Proper  site  and  orientation  for 
passive  solar  heating: 

a.  South  facing  exposure 

b.  No  winter  shading 

2.  Clear  description  of  system  and 
passive  solar  methods  used  (sun 
tempering,  direct  gain,  indirect  gain, 
isolated  gain.  Elements  such  as  Trombe 
wall,  Sunspace,  etc.) 

3.  Glazing: 

a.  Adequate  such  facing  glazing  area 

b.  Has  heat  loss  through  glazing  been 
minimized?  (e.g.  double  glazing,  shutters, 
movable  insulation) 

4.  Direct  gain  systems: 

a.  Will  the  interior  surfaces  absorb 
sunlight  sufficiently  well? 

b.  Have  glare  problems  been 
minimized? 

5.  Passive  storage: 

a.  Clear  description  of  kinds  of 
storage  used — location,  dimensions  and 
storage  capacity  of  each 

b.  Sufficient  storage  capacity  (thermal 
mass) 

c.  Is  the  massive  wall,  floor,  etc., 
sufficiently  exposed  to  direct  sunlight 
through  the  day  in  winter? 

d.  Massive  walls  and  floors:  Is  the 
thickness  too  little,  too  much  or  just 
right? 

e.  Is  the  insulation  located  properly? 

f.  Water  walls:  Have  leakage 
problems  been  addressed? 

6.  Heat  distribution: 

a.  If  system  depends  on  natural 
convection  and  radiation,  are  these 
adequate?  (Are  the  air  flow  distances 
small?  Will  the  air  flow  along  the 
desired  paths?) 

b.  If  blowers  are  used,  will  the 
operating  energy  used  be  small? 

c.  Thermosiphoning  device:  Is 
collecting  surface  at  a  lower  height  than 
the  storage  by  a  proper  amount? 

7.  Passive  system  controls: 

a.  Are  the  controls  properly  designed, 
simple  and  reliable? 

b.  Degree  of  occupant  participation 
required 
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8.  Protection  from  overheating:  Proper 
use  of  storage  sizing,  venting,  shading 
devices 

9.  Will  the  system  be  easy  to  install 
and  maintain?  (e.g.  glazing  easily 
accessible  for  cleaning,  accessible  for 
maintenance,  no  inaccessible  pipes) 

10.  Backup  for  passive  system 

11.  Other  considerations: 

a.  Use  of  proper  building  materials, 
sealants,  etc. 

b.  Weather  proofing  and  moisture 
proofing 

c.  Problems  from  expansion  and 
contraction 

d.  Freeze  protection 

e.  Safety  feature.s — freedom  from  fire 
hazards 

f.  Structural  integrity 

12.  Are  the  passive  solar  heating 
calculations  and  results  given  clearly 
and  correctly? 

C.  Passive  Cooling 

1.  Clear  description  of  passive  cooling 
methods  being  used  (natural  ventilation, 
induced  ventilation,  night  sky  radiation, 
evaporative  cooling,  desiccant  cooling 
or  dehumidification,  use  of  earth  for 
cooling) 

2.  Are  the  proposed  cooling  methods 
appropriate  to  the  climatic  region?  (e.g. 
evaporative  cooling  in  hot,  arid  climates, 
desiccant  cooling  in  hot  humid  climates) 

3.  Have  humidity  and  condensation 
problems  been  addressed?  (e.g.  in  rock 
beds  used  for  cooling) 

4.  Have  sufficient  details  of  the 
calculations  been  provided? 

D.  Passive  Solar  Domestic  Hot  Water 

E.  Active  Solar  Heating,  DHW,  and 
Cooling  Systems 

1.  Collectors  (MPS  S-515-2.  S-615-^2) 
[11]- 

a.  Collector  manufacturer 

b.  Collector  model  number  [Test  data 
(refer  to  stagnation  checldist)| 

c.  Transfer  medium — 

Type  Water 
Air 

Other - 

If  Other: 

Specific  Heat - Btu/lb°F 

Density - Ib/cu.  ft. 

d.  Design  total  flow  rate - gpm  or 

- cfm 

e.  Design  flow  rate  per  net — Sq.  ft.  of 

collector  (guidelines) - gpm  or - 

cfm 

Note. — Does  flow  rate  include  allowances 
for  heat  transfer  fluid  specific  heat  and 
density? 

f.  Total  area  (guidelines)  gross - SF 

Net  (aperture) - SF 

g.  Collector  type  (flat  plate, 
concentrating,  etc.) 

h.  Tilt  [S-615-2.1.21 


i.  Orientation  (0°=True  South) 

j.  Type  of  freeze  protection 

k.  Maximum  percent  shading 

l.  Provisions  for  stagnation 

m.  Number  of  covers 

n.  Cover  plate  material 

o.  Absorber  plate  material 

p.  Liquid  passage  material 

q.  Absorber  coating  material 

r.  Overall  construction 

8.  Ease  of  replacement  [S-615-1.1.10] 

t.  Access  for  maintenance,  repairs 

u.  Mounting  (flashing,  wind,  vandalism/ 
accidents) 

V.  Snow  hang  up:  blockage  of  breather 
vents 

w.  Provisions  for  fill/drain/ venting 
X.  Flow  balance  (reverse  return,  balance 
valves,  etc.) 

2.  Storage  [S-515-7.  S-601-12]— 

a.  Storage  type — rock - water - , 

other - 

b.  Specific  heat — rock - ,  water - , 

other - Btu/lb°F 

c.  Density — rock  — r— ,  water - ,  other 

- lb/ft» 

d.  Total  storage  volume - gal.  or - 

cu.  ft. 

e.  Volume  per  net  sq.  ft.  collectors 

(guidelines] - gal.  or - cu.  ft. 

f.  Construction 

g.  Insulation 

h.  Pressure/vacuum  protection 

i.  Corrosion  protection 

j.  Connection  locations 

k.  Provisions  for  fill/drain/vent 

l.  Access,  location 

3.  Back-up  system  [S-615-llJ — 

a.  Fuel  type 

b.  Type  of  heating  distribution  system 

c.  Design  temperature  of  heating  supply 
air  or  water  for  peak  load 

4.  Heat  Exchangers  [S-615-12] — 

a.  Load  loop  exchanger  sizing 

b.  Collector  loop  exchanger  sizing 

5.  Systems — 

a.  Flow  diagram 

b.  Controls  and  control  diagram 

c.  Pump  fan  sizing.  Note:  Does  pump/ 
pipe  sizing  include  allowance  for  heat 
transfer  fluid  viscosity? 

d.  Piping/ductwork  sizing,  materials 

e.  Dampers,  proper  type,  location 

f.  Expansion/contraction  provisions  [S- 
615-10.3;  S-615-10.9] 

(1)  Piping 

(2)  System  fluids 

g.  Drain  down  provisions  [S-615-10.9J 

h.  Potable/non-potable  separation  [S- 
615-10.1.1] 

i.  Backflow  prevention  [8-615-10.1.3] 

j.  Scald  protection  for  DHW  (mixing 
valve,  etc.)  [S-615-10.1.3] 

k.  Valving  [S-615-10.7] 

l.  Solar  system  operating  energy  use 

m.  Simplicity 

6.  Solar  Cooling  System  (If  Any) — 

a.  Type  of  solar  cooling  system 

b.  Cooling  capacity,  in  relation  to 
cooling  load 


c.  Temperature  of  solar  heater  delivered 

to  absorption  chiller 

d.  C.O.P.  of  cooling  system  • 

e.  Operating  energy  usage 

F.  Overall  System 

1.  Had  adequate  use  been  made  of 
energy  conservation  to  reduce  the 
loads? 

2.  Are  the  total  loads  (in  Btu/DD/Sq. 
Ft.  or  Btu/Yr.  Sq.  Ft)  acceptable? 

3.  Is  there  a  sufficient  contribution  of 
solar  heat  to  the  living  space? 

4.  Are  the  different  parts  of  the  system 
(passive  solar,  active  solar,  back  up 
system,  and  the  building)  well 
integrated? 

5.  Is  the  operating  energy  use  kept 
relatively  small? 

6.  Simplicity  of  overall  system? 

7.  Conformity  with  the  HUD  Minimum 
Property  Standards,  local  codes,  etc. 

Abbreviations 

(Code  Groups,  Associations  and  Gov't. 
Agencies) 

AABC  Associated  Air  Balance  Council 
AASHTO  American  Association  of  State 
Highway  and  Transportation  Officials 
ACCA  Air-Conditioning  Contractors  of 
America 

AIA  American  Institute  of  Architects 
AIAA  American  Industrial  Arts  Association 
ANL  Argonne  National  Laboratory 
ANSI  American  National  Standards 
Institute,  Inc. 

ARI  Air-Conditioning  and  Refrigeration 
Institute 

ASHRAE  American  Society  of  Heating, 
Refrigerating  and  Air-Conditioning 
Engineers 

ASME  American  Society  of  Mechanical 
Engineers,  Inc. 

ASPO  American  Society  of  Planning 
Oflicials 

ASSE  American  Society  of  Sanitary 
Engineers 

ASTM  American  Society  for  Testing  and 
Materials 

AWWA  American  Water  Works 
Association 

BOCA  Building  Officials  and  Code 
Administrators  International,  Inc. 

CABO  Council  of  American  Building 
Officials 

CDA  Copper  Development  Association 
CPSC  Consumer  Product  Safety 
Commission 

DoE  U.S.  Department  of  Energy 
EPA  U.S.  Environmental  Protection  Agency 
FHA  Federal  Housing  Administration 
FSEC  Florida  Solar  Energy  Center 
HUD  U.S.  Department  of  Housing  and 
Urban  Development 
lAPMO  International  Association  of 
Plumbing  and  Mechanical  Officials 
ICBO  International  Conference  of  Building 
Officials 

ISES  International  Solar  Energy  Society 
LASL  Los  Alamos  Scieptific  Laboratory 
NACE  National  Association  of  Corrosion 
Engineers 
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NAHB  National  Association  of  Home 
Builders 

NASA  National  Aeronautics  and  Space 
Administration 

NBS  National  Bureau  of  Standards 
NCSBCS  National  Conference  of  States  on 
Building  Codes  and  Standards 
NEBB  National  Environmental  Balancing 
Bureau 

NFPA  National  Fire  Protection  Association 
NOAA  National  Oceanographic  and 
Atmospheric  Agency 
NWTI  National  Wood  Tank  Institute 

(ceased  operations,  standards  available] 
ORl^  Oak  Ridge  National  Laboratory 
SAE  Society  of  Automotive  Engineers,  Inc. 
SAMPE  Society  for  the  Advancement  of 
Material  and  Process  Engineering 
SBCC  Southern  Building  Code  Congress 
International 

SEIA  Solar  Energy  Industries  Association, 
Inc. 

SERI  Solar  Energy  Research  Institute 
SEREF  Solar  Energy  Research  and 
Education  Foundation 
SMACNA  Sheet  Metal  and  Air- 

Conditioning  Contractors'  National 
Association,  Inc. 

UL  Underwriters  Laboratories,  Ina 

SI  Conversion  Units 

Length 

1  in  =  0.0254  meter  (exactly) 

1  ft  =  0.3048  meter  (exactly) 

Area 

1  in*  =  6.45  X  10'^  meter  * 

1  ft*  =  0.09290  meter  * 

Volume 

1  in*  =  1.639  X  lb"*  meter* 

1  gal  (U.S.  liquid)  =  3.785  X  10' ’meter* 
Mass 

1  ounce-mass  (avoirdupois]  =  2.834  X 10'* 
kilogram 

1  pound-mass  (avoirdupois]  =  0.4536 
kilogram 

Pressure  or  Stress  (Force/ Area) 

1  inch  of  mercury  (60°  F)  =  3.377  x  10'* 
pascal 

1  pound-force/inch  *(psi)  =  6.895  X  10'* 
pascal 
Energy 

1  foot-pound-force  (ft/lbf)  =  1.356  joule 
1  Btu  (International  Table)  =  1.055  X  10* 
joule 

1  Kilowatt-hour  =  3.600  X  10® 
joule  =  3.412  =  10*  Btu 
Power 

1  watt  =  1  X  10’  erg/second 
1  Btu/hr  =  0.2929  watt 
Temperature 

t.c  =  5/9  (toF-  32) 

Heat 

1  Btu.in/h.ft*.  °F  =  1.442  X  10'*  W/m.K 
(thermal  conductivity] 

1  Btu/lbm.  °F  =  4.194  x  10*)/kg.K  (specific 
heat) 

1  langley  =  4.184  X  10^  )/m*  =  1  cal/ 
cm*  =  3.69  Btu/ft* 
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Thermal  storage  2.5.1 

Interior  Items 

Effects  on  thermal  storage  1.4 
Labeling 

Identification  of  toxic  fluids  4.2.2 
Leaks 

Air  leaks  2.4.3 
Allowable  2.4.3 

Concentration  (heat  transfer  fluid)  3.6.1 

Control  valve  2.7.4 

Dampers  2.4.4,  2.7.4 

Ducts  and  air  handling  units  2.6.1 

Heat  loss  2.4.3 

Protection  of  potable  water  4.1.1.  4.1.2,  4.1.3 

Structural  deflection  3.1.4 

Testing  3.2.2,  3.3.2,  3.3.4 

Thermal  storage  2.5.1 

Liquid  Systems 

Entrapped  air  3.2.6 

Flushing  3.2.5, 6.1.5 

Performance  3.2 

Maintainability 

Building  and  site  6.2.4 

Roof  surfaces  6.2.5 

Maintenance 

Access  6.2.2 
Hazards  6.1.4 

Operation  and  maintenance  instruction  6.1.2 
Plan  (active  and  passive  systems)  6.1.3 
Protection  of  system  6.1.6 
Servicing  6.2 
Maintenance  Instructions 
System  schematic  diagram  6.1.2 
Make  up  Water 
Excessive  corrosion  6.2.1 
Manifold 
Duct  design  3.3 
Flow  rates  2.4.2 
Heat  loss  2.4.3 
Insulation  2.4.3 
Relief  valves  4.4.1 
Sealing  3.3.2 
Manual  and  Instructions 
Installation  operations  and  maintenance 
6.1,  6.1.1,  6.1.2,  6.1.3 
Occupant  participation  6.1.7 
Mechanical  Equipment 
Energy  required  for  2.0 
Heating  and  cooling  2.2 
Operated  automatically  2.2 
Mechanical  System 
Design  load  2.2.1 
Moisture  Degradation 
Collectors  5.1.2 
Efflorescence  5.1.2 
Monitoring 

Access  for  system  6.3.3 
No-Flow 

Aging  procedure  5.2.1 
Excessive  pressure  and  temperature  4.3.1, 

4.3.2 

Provisional  tests  3.1.1 
Temperature  of  fluid  4.4.1 
Thermal  cycling  loads  5.2.2 
30-day  test.  Appendix  Section  10 


Tracking  collector,  off  focus  3.5.6 

Nocturnal 

Night  sky  2.4.5 

Radiation  2.2.3  > 

Occupant 

Manual  of  instruction  6.1.7 
Required  activity  6.1.7  . 

Operating  Energy  , 

Blowers  2.0,  2.6.2,  2.9.2 
Excessive  2.7.5 
Normal  conditions  2.6.2 
Operation  Instructions 
Minimum  operating  information  6.3.2 
Start  up  and  shutdown  6.1.2 
Outgassing 

Thermal  degradation  5.2.1 
Orientation,  Optimum  1.2 
Passive  Solar 
Classification  2.0 
Components  3.4 

Contribution  to  conditioned  space  2.1.4 
Movable  insulation  3.4.2 
Net  solar  contribution  2.1.1,  2.1.4 
Optimum  aperture  area  2.1.1 
Overheating  2.1.3,  2.1 
Panels — protection  from  accidental  contact 

4.2.3 

Reduce  space  condition  energy  requirement 

2.1 

Seasonal  contribution  2.1.1 
Shading  2.1.4 

Passive  Demonstration  Program 

Components,  manually  operated  2.2.2 

Positive  January  contribution  2.1.1 

Passive  Techniques 

Disiccation  2.2.3 

Evaporation  2.2.3 

Nocturnal  radiation  2.2.3 

Penetrations 

Buildings  1.4 

Performance 

Collector  panel  2.4.2 

Efficiency  curves  2.4.2 

Stagnation,  post  2.4.2 

System  checkout  6.3.1 

Phase  Change  Materials 

Thermal  cycling  5.2.2 

Piping  Assembly 

Chemical  compatibility  of  components  5.3.1 

Design  3.2.1 

Safety  and  health  4.1.3 

Sizing  3.2.1 

Thermal  cycling  degradation  5.2.2 
Plastics 

Effect  of  heat  transfer  fluids  5.3.1 
Ignition,  temperature  4.3.6 
Structural  safety  4.5,  4.5.1 
Pollutant  Degradation 
Effects  of  design  life  5.1.3 
Levels  5.1.3 

Permanent  etching  components  5.1.3 
Policy  Decisions  1.0 
Potable  Water 

Growth  of  microorganisms  4.1.  4.1.5 
Leak  testing  3.2.2 


Protection  4.1.1,  4.1.2,  4.1.3 
Quality  4.1.1 

Separation  of  circulation  loops  4.1.2 
Pressure 

Negative,  heat  loss  2.4.3 
Negative,  storage  tanks  3.2.7 
Pumps 

Chemical  compatibility  of  components  5.3.1 

Effects  of  wear  5.4.1 

Insulation  2.6.1  ’  m 

Performance  3.2.10 

Size  2.6.2, 3.2.1 

Viscosity  changes  5.2.1,  3.2.10 

Radiation 

Clear  sky  solar  2.1.3 
Collector  selection  2.8.1 
Conversion  to  thermal  energy  2.4,  2,4.1 
Depletable  energy  2.9.1,  2.9.2 
Energy  flows  2.0 

Exclusion  during  non-heating  season  2.1 
Incident  2.4.1 

January  contribution  2.1.1,  2.4.4 

Monthly  solar  2.1.3 

Net  solar  contribution  2.1.1,  2.3.2 

Nocturnal  2.2.3 

No  flow  conditions  4.3.2, 4.4.1 

Reduction  2.4.1 

Reflectors  2.1.1 

Seasonal/annual  2.4.1, 1.1 

Shading  devices  2.1.3 

Site  considerations  1.2 

Solar  degradation  5.1.1,  5.1.3 

Thermal  Storage  exposure  2.1.2,  2.8.2 

Reflectors 

To  increase  incident  solar  radiation  2.1.1 
Relief  Devices 

Pressure  and  temperature  4.3.1 
Protection  from  freezing  4.3.1 
Removal  Instructions  6.1.1 
Rock 

Asbestos  4.1.4 
Bins  2.1.2 
Cleanliness  4.1.4 
Size  2.5.3 
Washing  3.3.5 
Roof 

Damage  due  to  leaking  heat  transfer  fluid 

4.2.4 

Maintainability  of  surfaces  6.2.5 
Resistant  to  deterioration  due  to  solar  energy 
components  6.2.5 
Safety  Provisions 

Emergency  egress  and  access  4.5.2 

Fire  safety  4.4 

Lightning  4.3.8 

Liquid  flash  point  4.4.1 

Structural  4.6. 4.6.1 

Safety  of  Dwelling  and  Site 

Glazing  materials  4.3.3 

Scalding  4.3.4 

Snow  and  ice  4.3.7 

Surface  temperature  4.3.5 

Water  storage  hazards  4.3.6 

Seals 

Chemical  compatibility  of  components  5.3.1 
Exposed  to  pollutants  5.1.3 
Thermal  degradation  6.2.1 
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Self-Ignition 

Wood  and/or  other  fibrous  materials  4.4.6 
Sensors 

Location  2.7.1, 3.5.4 

Thermal  cyclying  degradation  5.2.2 

Setpoints 

Collection  Loop  2.7.5 
Shading 

Devices  to  reduce  cooling  load  on  passive 
2.1,  2.1.3 

During  winter  months  1.2 
Fixed  2.1.3, 2.2.3 
Site 

Design  1.2 

Influence  of  prevailing  winds  1.2 
Maintainability  of  building  6.2.4 
Siting  criteria  1.2 

Snow  and  Ice 

Buildup  on  collectors  4.3.7 
Solar  Arrays 

Accident  prevention — reflected  rays  4.5 
Lightning  protection  4.3.8 
Usability  of  roof  for  flre-flghting  as  egress 

4.5.2 

Solar  Contribution 

lanuary  2.1.1 
July  2.1.1 

15th  or  21st  of  month  2.1.3 
Solar  System/Building  Interaction  1.4 
Space  Cooling  System 
Building  unattended  2.2 
F-Chart  method  not  suitable  2.9.2 
Maintain  comfort  conditions  2.2.3 
Space  Heating  System 
Auxiliary  design  2.2.1,  2.2.2 
Building  unattended  2.2 
Measu^  performance  (F-Chart)  2,9.2 
Operation  and  maintenance  6.1.2 
Space,  Interior 

Planning  and  coordinating  1.3 
Space,  Occupied 
Sedentary  2.2.3 
Storage  containers 
Air  leakage  2.5.1 

Chemical  compatibility  of  components  5.3.1 

Corrosion  4.3.6 

Drainage  provisions  3.3.5 

Energy  loss  2.5.1, 2.3.2 

Exposed  to  solar  radiation  2.1.2 

Glazing  4.3.3 

I  lazards — location  4.3.6 

Insulation  3.1.3 

Sizing  2.3.4, 2.8.2 

Thermal  degradation  5.2.1 

Thermal  stratification  2.5.2 

Vacuum  relief  3.2.7 

Storage  System 

Thermal  capacity  2.8.2 

Stagnation 

Maximum  no  flow  temperature  4.4.1 

Post  2.9.2.  2.8.1,  2.4.2 

Protection  (installation  and  maintenance) 

e.1.6 

Resistance  to  3.1.1 

Tracking  collector,  off  focus  3.5.6 


Stratiflcatlon,  Thermal 
F/Chart  2.5.2 
Mathematical  mod€>ls  2.5.2 
Storage  2.5.2 
Structural 

Deflection  compatibility  4.6.1,  3.1.4 
Safety  4.6, 4.6.1 

Structural  Design  Loads  (Loads.  Structural) 

Constraint  4.6.1 
Cyclic  4.6.1 
Dead  4.6.1 

Deflections,  specifled  loads  4.6.1 
Earthquake  4.6.1 
Hail  4.3.3 
Lie  4.6.1 

Snow  and  ice  4.6.1 
Wind  4.6.1 

Sunshine  Percentage  2.1.1 
Temperature 

Building  materials  due  solar  equipment  6.2  4 
Effect  5.2 

Hot  w'ater  at  tap  2.3.1 
Load  requirements  2.8.5 
Overheating  (passive)  .2.1.3 
Testing 

Air  leaks  3.3.4 

Thermal  Design  Loads  (Loads,  Thennal) 
Changed  due  to  passive  2.2.3 
Hot  water  2.3 

Loads  requirement  2.8.5  (See 
‘Temperature”) 

Mechanical  systems  2.2.1 
Space  cooling  2.2.3 
Space  heating  2.2.1, 2.2.2^ 

Thermal  Properties 
Storage  materials  2.12 
Thermal  Storage 

Access  for  cleaning  or  replacement  6.2.2 

Addition  of  auxiliary  energy  2.8.3 

Air  leakage  2.5.1,  3.3.2 

Charging  rate  2.5.3 

Collector/ storage  contbination  2.4.6 

Discharging  rate  2.5.4 

Effect  of  interior  items  1.4 

Energy'  loss  2.5.1 

Hot  water  load  2.5 

In  building  mass  2.1.3 

Insulation  2.5.1 

Location  2.1.2 

Performance  2.5 

Potential  for  fungus  growth  4.1.5 

Sealing  3.3.2 

Size  2.8.2 

Size  of  aperture  2.1.2 

Sizing  and  location  2.1.2,  2.8.2 

Space  cooling  2.5 

Space  heating  2.5 

Stratification  2.5.2 

Thermally-coupled  area  2.1.2 

Thickness  of  the  mass  layer  2.1.2 

Trombe  walls  2.4.6 

Use  of  building  mass  2.1.1,  2.1.2 

Thermosiphon 

Collection  loop  2.3, 2.6.3,  2.7.2 
Domestic  hot  water  system  2.3, 2.4.4,  2.6.3, 

3.2.1 

Non-collection  period  losses  2.4.4,  2.7.1, 

2.7.2 

Prevention  2.7.2 


Toxic  Fluids 
Detection  of  4.2.3 
Disposal  of  4.2.4 
Draining  and  filling  3.2.5 
Identification  of  4,22 
Rating  of  commercial  substances  4.1.2 
The  Federal  Hazardous  Substance  Act  4.2.1 
Toxicological  properties  4.2.1 
Warning  labels  for  maintenance  personnel 
6.1.4 

Transfer  Fluids.  Heat 
Compatibility  3.2, 5.3, 5.3.3 
Flash  point  4.4.1 
Fluid  flow  rates  2.8.3 
Plastics  5.3.1 

Treatment  of  3.2.3, 6.2, 6.2.1 
Transmissivity 
Glazing  2.1.4 
Transmittance 
Glazing  2.1.1, 2.1.4 
Transport  Energy 
Collector  loop  rate  2.6.3 
Load  transfer  rate  2.6.4 
Losses  2.6.1 

Passive,  mechanical  devices  3.4.1 
Performance  2.6 
Transport  System 
Balancing  3.1.2 
Trombe  Walls 

Efflorescence  on  absorber  surfaces  5.1.2 
Provision  for  recoating  6.2.2 
Thermal  storage  2.1.1 
Ultraviolet  Exposure 
Deterioration  5.1.1 

Deterioration  of  organic  materials  5.1.1 

Vandalism 

Minimize  1.4 

Valves 

Check  2.4.4 

Chemical  compatibility  of  components  5.3.1 

Effects  of  wear  5.4.1 

Isolation,  system  maintenance  6.2.2 

Operating  conditions  3.2.9 

Relief  devices  4.3.1 

Shutoff,  conspicuously  marked  4.5.1 

Specification  and  location  32.9 

Thermal  shock  degradation  5.2.3 

Ventilation 

Whole-house  2.1.3 

Venting 

Draindown  systems  3.6.2 
Mass  wall  Z12 

Piping,  during  Ailing  operation  3.2.2 
Reduces  the  net  .solar  contribution  2.1.2. 

2.1.3 

Thermal  expansion  of  fluids  3.2.4 

To  reduce  cooling  loads,  passive  2.1. 2.1.1 

Viscosity 

Changes  5.2.1 

Heat  transfer  fluids  2.6.2 

Pump  selection  3.2.10 

Walls,  Thennal  Storage 

Trombe  walls  2.1.1 

Water  walls  2.1.1 
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Waste  Heat  Recovery  and  Storage  in  the 
Thermal  Mass  of  Passive  Solar  Buildings  1.3 

Waterproofing 

Exposed  insulation  6.1.2 

Wear 

Degradation  5.4.1 
Windows 

Impact  on  space  cooling  loads  2.1,  2.1^1 

Solar  radiation  2.1.1 

Winds,  Winter 

Protection  1.3 
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